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CHAP    XVffl. 

Of  Iron. 

IRON,  to  which  the  alchemifts  gave  the  name  of 
Mars  J  is  an  imperfed  metal,  of  a  livid  white  colour 
inclining  to  grey,  and  difpofed  in  fmall  facets*  It  is 
fofceptible  of  a  very  fine  polifli,  and  may  be  made 
very  brilliant.  It  is  io  hard  and  elaftic,  as  to  be  capable 
of  deilroying  the  aggregation  of  any  other  metal. 

Iron  emits  a  fmell,  efpedally  when  it  is  rubbed  or 
heated.  It  has  likewife  a  very  (Irong  ftiptic  tafte,  which 
ads  powerfully  on  the  animal  oeconomy«  ^ 
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IroB  is,  ticxt  j^fter  tin,  the  Iighteft  of  all  metallic  fub« 
ftances.  A  cubic  foot  of  forged  iron  weighs  five  hun* 
dred  and  eighty  pounds.  It  may  be  hammered  into 
plates ;  but  being  very  hard,  and  liable  to  become 
mtK:h  harder  under  the  hammtr,  it  cannot  be  b^t  into 
leaves.  Its  duftility,  when  drawn  into  wire,  is  much 
more  confiderable :  it  is  drawn  into  very  fine  threads, 
which  are  ufed  as  firings  to  harpfichord  keys.  This 
property  appears  to  depend  on  its-  tenacity.  Iron  is  in 
fad  the  moil  tenacious  of  all  metals,  next  after  gold* 
A  thread  of  iron  one  tenth  of  an  inch  in  diameter  is 
fufficient  to  fupport,  without  breaking,  the  weight  of 
four  hundred  and  fifty  pounds. 

Pure  iron  has  a  peculiai:  cryilaline  form.  In  furnaces 
in  which  iron  has  been  flowly  cooled,  there  are  found 
quadrangular  pyramids  articulated  and  branched,  and 
confiding  of  oftohaedrons  inferted  one  into  another.  We 
owe  this  obfervation  to  M.  Grignon,  matter  of  the  forges 
at  Bayard  in  Champagne.  Lattly,  befide  all  the  pro- 
perties which  iron  poflefles  in  comition  with  other  me* 
tallic  fubftances,  this  metal  exhibits  three  properties 
which  are  entirely  peculiar  to  itfelf.  One  of  thefe  is 
magnetifm,  or  the  property  of  being  liable  to  be  attraft- 
ed  by  the  loadftone,  and  of  acquiring  the  virtues  of  the 
loadftone,  either  when  it  has  remained  long  in  an  eleva- 
ted fituation ;  or  in  a  diredion  between  north  and  fouth  ; 
or  when  it  has  been  employed  as  a  conduflor  to  the 
eleftric  fire  of  thunder,  as  is  evinced  by  a  variety  of 
fads  ;  or  when  two  pieces  of  iron  are  fmartly  rubbed 
atie  upon  another.  The  fecond  of  the  Angular  proper- 
ties of  iron,  is  that  of  taking  fire,  and  melting  fuddenly 
Vhen  ftruck  with  a  flint  j   a  phcenomenon  to  which  the 
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poets  naanimoufly  afcribe  the  firft  difcovety  of  fire.  TI» 
third  property  by  which  it  is  diftinguiflied,  is  that  of 
being  fouod  with  mangaaefe  in  plants  and  animals; 
fome  of  whofe  juices  derive  from  it  their  colour :  it  is 
eren  probable  that  thofe  organic  beings  thcmfelTes  form 
die  metal ;  for  plants  growing  in  pure  water  contain  iro% 
which  may  be  obtained  from  their  afhes* 

Iron  is  a  metal  which  abounds  very  much  in  nature  ; 
for,  indq>endently  of  what  plants  and  animals  contain,  it 
is  found  in  almoft  all  coloured  ftones,  in  bitumens,  and 
in  moft  metallic  ores.  But  here  we  are  to  treat  only  of 
fuch  mineral  matters  as  contain  a  great  deal  of  iron,  and 
are  wrought  for  the  purpofe  of  extracting  the  metal 
from  them.  In  thefe  ores,  which  are  very  numerous'^ 
iron  exifts  either  in  a  metallic  ftate,  or  in  the  ftate  of  an 
oxide,  or  mineralised  by  different  fubftances* 

I.  Native  iron  is  diftinguifhed  by  its  colour  and  nud^ 
leability.  It  is  very  rare^  and  is  only  found  accidentally 
in  iron  ores.  Margraf  found  it  in  a  fibrous  form  at 
Eibenfiock  in  Saxony.:  Dr  Pallas  has  difcovered,  in  Si« 
beria,  a  mals  amounting  to  1600  pounds ;  and  M.  Adan- 
Um  aflens,  that  it  is  common  in  SenegaL  Some  mine* 
ralogifts  think  that  thofe  fpecimens  of  native  iron  are  pro- 
duds  of  art,  and  have  been  on  different  occafions  bu- 
ried under  ground* 

s.  Ores  of  black  iron,  taken  in  general,  feem  all  to 
belong  to  an  oxide  of  black  iron,  more  or  lefs  pure. 

Bbck  iron  is  diftinguiihable  by  its  colour,  by  its  pro- 
perty of  being  more  or  lefs  fufceptible  of  attradion 
by  the  loadftone,  and  by  being  altogether  infoluble  in 
adds.  This  iron  is  fometimes  cryftalized  in  the  (hape 
of  polyhaedrons,  or  round  plates,  and  prefents  different 
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fhades  of  the  mod  brilliant  changing  colours  ;  Aich  i^ 
that  from  the  ifland  of  Elba.  It  there  forms  a  confider- 
able  mountain,  which  is  wrought  above  ground.  The 
ore  from  Sweden  is  likewife  a  black  iron,  but  not  cryr 
ftallized  ;  it  confifts  of  maiTes,  more  or  lefs  folid,  mixed 
with  quartz,  fpar,  afbeftos,  &c.  It  is  frequently  fo  hard, 
as  to  admit  of  a  polifh,  and  its  furface  appears  like  a  mir«* 
ror.  Thus  it,  as  well  as  the  former,  has  obtained  the  name 
oifpeculariron:  it  is  found  united  in  confiderable  quarries. 
This  iron  varies  in  the  degree  of  its  colour  :  fome  is  per- 
feftly  black,  which  is  highly  fufceptible  of  attraftion  by 
the  loadflione;  fome  bluifh, which  is  lefs  fo;  and  fome  grey, 
which  poffefles  this  property  in  a  very  fmall  degree.  The 
iron  of  Norway  is  likewife  a  black  iron  ;  but  it  is  gene- 
rally in  fmall  fcales,  like  mica,  often  mixed  with  garnets 
and  with  fhorls.  Black  iron  is  fometimes  found  in 
grains.  It  is  likewife  cryftallized  in  cubes  ;  which  ha$ 
made  fome  naturalifts  give  it  the  name  oi  galena  of  iron^ 
or  eifen-glanz.  When  micaceous  iron  ore  is  of  a  black 
colour,  it  is  called  eifen-man  ;  efpecially  if  the  fcales  be 
very  large.  When  thefe  fcales  are  red,  and  covered 
with  duft  of  the  fame  colour,  it  gets  the  namd  of  eifen" 
ram.  The  fpecies  of  iron  ore  in  black  oftohaedral  cryftals 
very  regular  and  difperfed  in  a  kind  of  fchiftus,  or  hard 
fteatite,  which  comes  from  Sweden,  Corfica,  &c.  feems 
to  belong  to  this  clafs  of  iron  ores.  It  is  attrafted  by 
the  loadftone,  and  very  brittle.  The  lamellated  brilliant 
iron  of  Framont  belongs  alfo  to  this  Ip^cies. 

Though  the  feveral  fpecies  of  black  iron  ores,  which 
I  have  joined  together  in  this  article,  feem  to  bear  an 
evident  analogy  with  one  another,  feveral  mineralogifts 
have  regarded  them  as  very  different,  and  have  arranged 
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khtfm  feparately.  Thk  variety  of  opinions  originates 
from  our  not  yet  having  fufficient  knowledge  of  their  na^ 
tare.  It  ihould  feem,  that  of  thefe  ores  fome  approach 
nearer  to  the  metallic  (late,  as  the  odohasdral  iron  o^ 
G>rfica  and  Sweden,  which  M.  Monge  compares  to  mar- 
tial ethi<^s.  This  fpecies  is  ftrongly  attra&ed }  others^ 
on  the  contrary^  approach  nearer  to  the  flate  of  oxides^ 
as  the  iron  of  the  ifland  of  Elba,  and  particularly  the 
etfen-man^  and  ei/en-ramy  which  are  not  liable  to  be  at-* 
traded  by  .the  loadftone.  The  ores  of  the  ifland  of 
Elba  appear  to  be  only  black  oxides  of  ^  iron  produced 
from  carbonate  of  iron  reduced  by  means  of  fire.  la 
this  way  M*  Vauquelin  has  imitated  them  with  greal 
foccefs.  To  this  account  of  black  irons,  I  Ihall  here 
fubjoin  fome  obfervations  made  by  the  Abbe  Haiiy,  of 
the  academy  of  fdences*  He  diftinguiflies  two  primi« 
live  fliapes  of  thefe  irons,  which,  according  to  him,  an* 
nounce  two  ferruginous  fubftances  of  different  natures. 

One  is  a  regular  odoha^ron^  To  this  belongs  the 
iron  of  Corfica.  The  xrryflals  of  this  fpecies  are  ftrong- 
ly attracted  by  the  magnetic  bar.  The  fpecular  iroa 
ore  from  the  golden  mountain^  in  odohaedral  fegments^ 
is  a  variety  of  this  fpecies. 

The  other  is  the  fhape  of  a  cube^  To  this  laft  belongs 
particularly  the  iron  ore  of  the  ifland  of  Elba^  of  which 
there  are  two  principal  varieties^  namely,  i.  iron  in 
rhomboids,  very  obtufe ;  2.  iron  with  fix  pentagons,  and 
eighteen  triangles.  Thefe  varieties  are  but  feebly  at- 
traded  by  the  magnetic  bar.  By^  filing,  M«  Haiiy  ob« 
tained  iSrom  them  a  reddifli  unftuous  powder,  fimilar  to 
that  of  red  micaceous  iron,  or  the  eifen-ram  of  the 
Germansi 
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3.  Iron  is  very  often  m  tbe  (late  of  raft,  more  or  lefs 
oxidated.  It  then  forms  ochraceous  iron  ores.  All 
earths  coloured  brown  or  red  are  of  this  kind, 

4.  We  muft  beware  of  confounding  with  ochres  thofe 
iron  ores  which  are  called  bog  ores.  They  do,  indeed, 
contain  oxidated  iron ;  but  that  oxide  is  combined  with 
csulxmic  acid)  and  with  pho^oric  acid,  which  aj^ears 
to  have  been  produced  by  the  decompofition  of  vege- 
tables. Bog  irons  are  diftinguiflied  into  rich  and  poor, 
fttfible  and  dry.  The  rich  is  only  iron  a  little  mfted,  and 
contains  but  a  very  fmall  proportion  of  earth.  Fufible 
iron  melts  very  eafily,  and  affords  caft  iron  of  a  good 
quality ;    the  metal  being  in  it  united  only  to  fome 

^  fiones  which  eafily  melt.  Dry  iron  is  more  calcined, 
and  mixed  with  fome  very  refradory  fubftances.  All 
bog  iron,  in  general,  is  ufually  arranged  in  layers,  like 
ftones,  and  appears  evidently  to  have  been  depolited  by 
water.  It  is  often  in  th^  form  of  pebbles,  or  flat  irregu- 
lar fpherical  bodies.  Organic  matters,  ftich  as  wood, 
leaves,  barks,  (hells,  are*  not  unfrequently  met  with  in 
the  (late  of  bog  iron.  This  kind  of  tranfmutation  feems 
to  fuggeft  the  idea,  that  there  is  fome  analogy  between 
iron  and  organic  bodies.  A  portion  of  pliofphate  of 
iron,  contained  in  thefe,  which  abound  more  than  any 
other  iron  ores,  communicates  to  this  metal  the  proper- 
ty of  being  brittle  when  cold.  Bergman,  who  was  ac- 
qusunted  with  iron  in  this  (late,  but  did  not  determine 
its  nature,  called  this  phofphate  of  iron  Jiderites ;  fome 
German  cheraifts  have  fmce  called  it  water  iron.  We 
will  afterwards  explain  how  this  fait  may  be  feparated 
from  iron  that  is  brittle  when  cold. 

5.  The  eagle  ftone,  or  atitesy  is  a  variety  of  bog  iron. 

Ea^le 
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Eagle  Acmes  ate  Ixidies  of  vuious  iomSf  cdmniaiily 
oral  or  polygonous^  jConfiftiDg  of  concentric  layers,  .di£» 
poled  aioimd  a  nucleus,  wliich  is  often  moveaUe  in  thd 
oentfe  df  die  ftone^  Hie  drying  and  contradion  of 
thcfe  layers  has  formed  a  cavity  in  the  Hiiddie,  in  ivfaich 
fome  fragments  of  various  fizes  float  at  liberty.  Hiig 
ftone  has  received  its  name  from  an  opinion,  that  eagles 
pat  il  imo  their  nefts,  and  that  it  helps  them  to  lay  dieif 
eggs  mcfgc  taSAjj  and  promotes  the  eflFeds  of  incubadon* 
It  has  been  hence  inferred,  that  this  ftone  would  aft 
powerfiilly  on  the  fcetus  im  the  mother's  womb*  Some 
authors  go  fo  £ar  as  to  aflert,  that  the  pains  of  a  lying-in 
woman  may  be  brou^  ibooer  on  by  binding  an  eagle 
ftone  to  her  thigh,  and  kept  back  by  binding  it  to  her  arm*  • 

6.  The  bmmatites  is  a  kind  of  bog  iron,  which  appears 
to  be  formed  in  the  fame  manner  as  ftaladites.  It  de- 
rives its  name  from  its  colour,  which  is  commonly  red 
like  Uood,  though  fubjed  to  varieties.  The  hsemadtes 
ufually  confifts  of  layers  coveting  one  another,  and  com« 
pofed  of  convergent  needles.  The  fuperfides  of  this  ore 
is  covered  4>ver  widi  tubercles.  Hasmadtes  are  diverfi^i- 
fied,  not  only  by  colomr,  but  by  form  too*  There  is,  for 
infiance,  the  needled  haematites,  the  haematites  fai 
bunches  of  gnqies,  or  hamaiiia  btarpisj  &c*  lliefe  ores 
are  pretty  often  found  wid)  muddy  iron  \  and  are  depo« 
fited  on  a  great  many  different  bodies. 

J.  Ibe  ioadjlone  is  nothing  eUe  but  an  ochraceous  iron 
ore,  Tery  hard  and  very  refradory ;  which,  however, 
fome  perfons'diink  not  v^  remote  from  the  metallic 
ftate.  It  is  known  by  its  property  of  attrading  filings 
of  fteeL  It  is  found  in  Auvergne,  and  in  Biicay  in  Spain. 
Jt  b  dtftinguiflied  by  the  diverfities  of  its  colour  into  Se- 
veral varieties. 
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,  ^ !  8.  Emery,  fmyris,  is  a  grey  or  reddifli  iron  ore,  confi« 
dered  by  a  number  of  mineralogifb  as  a  kind  of  iiaema- 
tites;  It  is  very  hard  and  refradory  :  great  plenty  of  it 
is  found  in  tfaeiites  of  Jerfey  and  Guernfey.  It  ir  ground 
in  mills  into  a  powder,  and  ufed  in  this  form  for  polifli- 
ing  glaf9  jand  imetals; 

. .  9*  Spairx  iron. is  an  oxidd  of  iron  in  combination  with 
carbonic  acid,  and  tranfported  by  water.  '  It  is  ufoatly  of 
a  white  colour;  but  there  arefpecimens  of  this  oreftained 
^ith  atmoft  eviery  different  colour,  g^'cy**  ydlofw,  red; 
It  is  always  in  plates  of  various  (izes,  and  femi-tranfpa-* 
rent  tike  fpar..  '  It  is  of  coafiderable  gravi^,  and  is  often 
regularly  cryiUUized  :  it  is  found  in  confiderable  quar* 

•  ries,  often  mixed  with  pyrities,  as  for  inftance  at  Alle* 
vard  in  Dauph^ny ;  fometimes  it  is  mi:2ttd  with  grey  fil- 
irer  ore,  as  the  iron  of  Baigorry ;  and  fometimes  with 
tnan^nefe,  as  that  of  Styria.  Some  chemifts  think  it 
to  be  a  fpar  in  which  the  metallic  oxide  has  been  depofit- 
ed<  Sparry  iron  is  decompofed  by  itfelf 'in  dofe  veflels ; 
tnd  it  then  yields  carbonic  acid.  What  remains  is  a 
brilliant  black  iron,  fubjed,  in  a  high  degree,  to  the  at* 
traction  of  the  loadftone,  and. which  may  be  eafily  melted 
by  the  action  of  a  flrong  fire.  The  manganefe  which  it 
frequently  contains,  renders  it  liable  to  be  altered  by 
the  adion  of  air,  and  makes  it  take  a  brown  colour,  as 
it  lofes  its  form  and  confiftency. 

I  o.  Natui'e  like  wife  prefents  us  with  iron  in  a  faline 
ftate,  combined  with  the  fulphuric  acid,  and  forming  fuK 
phate  of  iron,  or  green  copperas;  This  fait  is  found  in 
the  galleries  of  iron  mines,  efpecially  in  fuch  as  contain 
pyrites.  It  is  fometimes  found  in  green  cryftals,  or  in 
the  form  of  beautiful  (lala£tites:  on  other  occafions, 
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dgain,  it  is  dot  fo  pure,  but  appears  to  have  fuffered  fome 
alteration.  If  it  has  loft  only  the  water  of  its  cryftalli-* 
zation,  it  is  of  a  white  or  a  greyift^  colour :  it  is  then  call- 
ed y^rr.  When  fome  what  more  thoroughly  calcined,  it 
is  yellow,  and  is  called  mtjfy  If  the  calcination  has  been 
carried  fo  ixt  as  to  drive  off  a  confiderable  part  of  the  acid, 
the  fulphate  of  iron  is  then  red,  and  bearfr:the  name  of 
natural  c^lc^bar^  or  cbalcite  ;  when  mixed  with  inflam- 
mable matters,  this  fait  is  called  melanteri,  from  its  black 
colour.  All  thefe  matters  have  received  the  common 
name  of  airamenfarious  ftones,  as  being,  no  lefs  than  ful- 
phate of  iron,  proper  materials  for  making  ink. 

11.  Iron  is  often  found  in  combination  with  fulphur  ; 
it  then  forms  martial  fy rites •  This  ore  has  received  the 
name  of  pyrites,  becaufe  it  is  hard  enough  to  afford  a 
great  abundance  of  fparks  when  ftruck  with  fteel.  We 
call  this  combination  native  fulphur  of  iron.  Martial 
pyrites  are  commonly  in  fmall  round  maiTes,  which  are 
fometimei  regular.  They  are  moft  generally  ^herical, 
cubic,  or  duodecahxdral.  Their  form  is  fubjed  to  many 
varieties ;  a  fad  which  the  reader  of  Ilenckers  Pyrito- 
logy  cannot  fail  to  be  convinced  of. 

The  abbe  Haiiy,  who  has  paid  much  attention  to  the 
flm&ure  of  ferruginous  pyrites^  has  difcovered  the  foU 
lowing  principal  varieties  in  their  fhape. 

I.  The  fmoatb  cube :  this  h  the  primitive  form  of  thi^ 
mineral* 

3.  Pyrites  in  regular  odah^drons. 

3.  Pyrites  in  cubo-odahacdrons  :  this  is  the  cube  with 
truncated  angles* 

4«  Duodecabedral  pyrites  with  pentagonal  fides* 

5.  CubUal pyrites  ftriat^  Qn  three  fides. 

11% 
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He  has  ifiown  diat  the  cube,  wbofe  ftriae  tb  much  eta* 
l>arra(red  btenou  and  Mairan,  by  the  ^verfity  of  dieir 
dire&ions,  was  nothing  but  a  modification  pfbduced  by 
a  bafty  cryftallization  of  the  duodecahsedron,  with  pen*' 
tagonal  (ides^ 

6.  PjriUs  with  twenty  triangular  £aice9,  eight  of  which 
are  equilateral,  and  twelve  ifofecles« 

7.  Pyrites  wth  thirty-fix  triangular  iic^celes  faces 
twelve  of  which  are  broader  and  longer  -dian  the  other 
twenty-four. 

%.  Globular  pyrites  fct  With  oAahaedral  points ;  this 
feems  to  be  of  a  different  nature  from  the  preceding. 

Some  pyrites  are  externally  brown  and  iron  coloured; 
the  greater  part  are  yellowifli,  and  even  at  the  furfac^ 
pretty  tnucfc  like  copper  ores.  They  arc  all  yellow,  and 
of  a  copper  appearance  within ;  and  they  confift  moftly 
of  needles,  or  pyramids  of  a  number  of  fides,  with  their 
fummits  converging  towards  a  common  centre.  Pyrites 
are  ufually  difperfed  near  beds  of  iron  ore,  and  fcatter* 
ed  among  clays,  and  through  coal  mines.  The  upper* 
mofi  ftratum  of  a  coal  mine  is  altnon:  always  pyritous* 
All  pyrites  are  eafily  decompofed.  No  ftrong  heat  is 
requifite  to  drive  off  the  fulphur  which  they  contain* 
They  almoft  aU  alter  of  themfelves  when  expofed  to 
the  air,  efpecially  if  the  fituation  be  moift  :  they  fwell, 
break,  lofe  their  luftre,  and  are  covered  over  with  a 
greeniih  white  efilorefcence,  which  is  nothing  elfe  but 
fulphate  of  iron.  It  appears  that  this  alteration,  which 
has  been  called  the  vitriolization  of  pyrites,  depends  on 
the  joint  adion  of  air  and  water  on  the  fulphur.  Sul- 
phuric  acid  is  thus  formed ;  which,  diffolving  the  iron, 
rifes  above  the  pyrites  in  a  form  refemblio^  vegetation, 

by 
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by  feparating  gradually  die  fmal!  pyramids  of  which  die 
miaeral  confifts.  But  all  pyrites  do  not  efflorefce  with 
the  lame  £Kility.  The  globulous  pyrites,  the  colour  of 
which  is  very  pale,  and  the  contexture  not  very  clofe, 
efflorefce  the  readieiL  Such  as  are  of  a  bright  cc^pper 
yellow,  and  coniift  of  fmall  plates  very  neatly  arranged 
one  over  anothet ,  efflorefce  not  without  great  difficulty, 
and  fliould  be  carefully  diftinguifhed  from  the  former, 
as  they  differ  from  diem  in  colour,  form,  texture,  and 
other  properuet* 

I  a.  Iron  is  likewife  met  with  in  combination  with 
arfenic,  and  bodi  of  diem  in  a  metallic  ilate.  This  ore, 
which  is  true  mfpickelj  is  white,  fparkling,  granulated, 
'  or  widi  £sicets,  and  does  not,  like  the  arfenical  pyrites, 
properly  fb  called,  contain  any  fulphur.  Wolfram  was 
formerly  thought  to  be  arfenical  iron  ore ;  but  is  now 
known  to  bs  tungften  ore. 

1 3.  Iron  is  fometimes  found  in  the  form  of  a  blue  pow- 
der ;  ibmedmes  of  a  brighter,  and  fomedmes  a  deeper 
colour.  In  thb  ftate  it  is  called  native  Prtiffian  blue.  It 
U  mixed  with  vegetable  earths,  particularly  peat-earth. 

i4«  Laftly,  as  iron  is  more  plenteous  than  anyothor 
metal,  it  is  often  found  mixed  with  fand,  clay,  or  chalk  ; 
and  a  great  many  earths  and  flones  are  coloured  by  it« 

Iron  ores  are  aflayed  in  the  dry  way  in  the  following 
manner :  After  being  reduced  to  powder,  they  are  mix- 
ed with  twice  their  own  weight  of  pounded  glafs,  (»e 
part  of  calcined  borax,  and  a  little  powdered  charcoal ; 
this  mixture  is  well  triturated :  it  is  then  put  into  a 
crucible,  with  a  little  marine  fait  added  to  cover  the 
crucible,  and  urged  with  fire  till  it  melt.  When  the 
wlu^e  becomes  perfectly  cool,  it  is  found  to  contain  a 
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fmaU  fphefical  button  of  iron,  often  cryftalli^ed  at  th6 
furface,  and  more  or  lefs  malleable. 

Bergman  propofes  the  aflfaying  of  iron  otes  in  the  hu<* 
mid  way. ;  JHle  employed  the  muriatic  acid  to  diflblve 
iron^  and  precipitated  it  by  an  alkaline  prufllate.  When 
there  were  other  metals  mixed  with  the  iron,  he  calcined 
and  feparated  them  by  the  nitric  and  the  acetous  acids  ; 
and  after  that  diflbhed  the  iron  by  theonuriatic  acid. 

The  treatinent  of  irqn'ores  is  varied  according  to  thd 
{late  of  the  metal.  Some  ores  need  no  preparation  be- 
fore-they  be  melted  ^  others  mud  be  porahded  and  wa(h- 
ed.  fometimes  even  roafted,  to  render  them  foft  and 
fufible. 

•  •  •  *        J 

Muddy  iron  and  fparry  iron  are  wrought  m  the  fame 
way  ^riJ^oth  being  melted  on  coals.  The  furnaces  ufed 
in:  melting  iron  vsu-y  in  height  from  twelve  to  eighteen 
feet.  Their  cavity  is  in  the  form  of  two  quadrilateral 
pyramids,  With;  their  bafes  joined  nearly  at  the  middle  of 
the  .  height  of  the  furnace  )  this  cavity  is  called  (in 
French j  etalaget  A  hole,  through  which  the  metal  may 
pafs  when  melted,  is  perforated  through  the  bottom  of 
the  furnace ;  correfponding  to  this  hple^  which  is  flop- 
ped  with,  earth,,  there  is  a  triangular  channel  cut  iii  the 
fand,  to  receive  the  metal.  The  operation  begins  with 
putting  into  the  bottom  of  the  furnace  a  few  pieces  of 
burning  wood ;  coals  are  laid  upon  the  wood ;  and  up-^ 
on  the  wood  the  ore,  with  fome  matters  to  promote  its 
fufion.  The  matters  employed  for  this  purpofe  ^re 
ufually  calcareous  ftones,  called  (in  French)  cajline^  with 
fome  argillaceous  ftones,  under  the  name  of  arbnc^  and 
fometimes  quartz  or  flints.  The  ore,  the  ftones, 
and  the  coal,  are  alternately  put  into  the  furface,  care 
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being  taken  to  cover  over  the  whole  mafs  with  a  layer 
of  coal,  which  muft  reach  to  an  equal  height  with  the 
upper  opening  of  the  furnace.  Thus  difpofed,  the  mafs 
is  urged  with  two  large  bellows  till  it  melt.  When  the 
iron  melts,  it  pafles  through  the  coals,  and  is  thus  redo- 
ced  to  a  metallic  (late.  The  ftony  matters,  as  they 
melt  and  vitrify,  contribute  to  the  fufion  of  the  iron, 
which  begins  at  the  narrowed  part  of  the  furnace.  The 
melted  metal  is  collected  at  the  bottom  of  the  furnace  in- 
to a  place  called  the  crucible  ;  from  this  it  runs  through 
the  aperture  in  the  bottom  of  the  furnace  into  the  refer- 
Toir  prepared  for  it  in  the  fand.  It  here  forms  what  it 
called  cajl  iron.  A  vitreous  matter  called ^Tflrg-  pafles  af- 
ter the  iron :  it  is  formed  by  the  vitrification  of  the 
gangue  of  the  ore  with  the  earths  which  were  added  to 
furilitate  the  fufion  of  the  iron.  It  is  of  a  green,  whitifh^ 
blue,  or  yellow  colour,  which  is  communicated  to  it  bj 
a  part  of  the  oxide  of  the  melted  iron. 

The  iron  thus  obtained  is  brittle,  and  without  du£li- 
iity.  Metallurgifls  differ  in  opinion  concerning  the 
caufe  of  this  property  of  cafl  iron  :  fome  have  fuppofed 
it  to  depend  on  the  metal  being  intermixed  with  flag- 
Others  have  attributed  it  to  the  metal  not  being  entirely 
reduced,  but  flill  containing  a  portion  of  oxide.  Brandt 
thought  it  to  be  arfenic ;  and  M.  Sage  thinks  it  is  zinc 
which  Tenders  cafl  iron  brittle.  Bucquet  confidered 
cafl  iron  as  iron  imperfeflly  reduced,  and  flill  contain- 
ing an  intermixture  of  oxide.  Bergman,  after  excimi- 
ning  this  iron  with  great  induflry,  concluded  its  fragili- 
ty to  depend  on  the  intermixture  of  a  certain  quantity 
of  an  extraneous  matter,  which  he  thought  to  be  a  pecu- 
liar metal,  and  diftinguifhed  by  the  name  of  fyderites : 

ti 
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that  matter  has  been  difcovered  to  be  a  compound  of 
iron  with  the  phofphoric  acid.  Syderites,  a^  we  (hall 
hereafter  fhow,  is  iikewife  found  in  certain  irons.  The 
true  caufe  of  thefragUity^  fufibHity,  granulated  texture, 
and  other  peculiar  properties  of  caft  iron,  has  been  de- 
termined beyond  a  doubt  by  the  ingenious  refearches  of 
Mefirs.  Vandermonde,  Monge,  and  Berthollet.  They 
have  ihown,  that  caft  iron  contains  both  oxigene  and 
coal ;  the  lad  of  which  it  has  abforbed  when  in  fufioa 
in  the  high  furnace.  To  the  various  proportions  in 
which  it  contains  thefe  two  extraneous  bodies,  caft  iron 
owes  its  peculiar  properties^  and  the  varieties  by  which 
thefe  are  diverfiiied. 

Metjallurgifts  .diflinguifli  various  kinds  of  caft  iron  ; 
white,  grey,  black,  &c.     They  give  the  name  of  fpeck^ 
led  iron  to  that  which  is  variegated  with  blackifh  fpots 
on  a  grey  ground.    White  caft  iron  is  the  worft  kind  s 
it  is  almoft  a  femi-metaU    The  grey  is  between  the  firft 
mentioned  and  the  black ;  which  laft  is  efteemed  the 
befl,  as  it  affords,  the  moft  eafily,  iron  of  a  good  quali- 
ty.   Thefe  differences  depends  on  the  various  propor- 
tions in  which  the  oxigene,  and  ftill  more  the  coal,  is 
intermixed  with  the  iron.     When  the  proportion  of  the 
charcoal  is  conflderable,  and  it  is  uniformly  intermixed, 
the  caft  iron  is  then  black ;  when  the  proportion  of  the 
charcoal  is  lefs,  the  caft  iron  is  grey.     An  imperfect 
mixture,  too  haflily  cooled,  gives  fpeckled  caft  iron.. 
White  caft  iron  contains  the  fmalleft  proportion  pofEble 
of  charcoal.    The  nature  and  the  ufe  of  caft  iron,  and 
the  procefs  for  converting  it  into  iron,  are  affected  by  all 
of  thefe*  qualities.    The  above-mentioned  philofophers 
have  difcovered,  that  when  caft  iron  is  melted  again, 

there 
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there  is  always  feparated  from  It  a  portion  of  charcoal 
tstiiiiately  combined  with  iron.  This  compound,  which 
has  been  hitherto  called  plumbago^  forms  a  cruft  on 
the  ladles  in  which  the  call  iron  is  taken  out  to  be  cool- 
ed. 

In  order  to  convert  call  iron  into  iron,  it  mud  be  pu- 
rified from  the  coal  and  the  oxigene  which  it  contains. 
A  ftrong  fire,  which  may  penetrate  through  the  whole 
mafii,  is  requifite  to  eSe£t  this  redudion.  At  an  high 
temperature,  the  charcoal  naturally  atirads  the  oxigene, 
boms,  and  is  difengaged  with  efiervefcence,  in  the  form 
of  carbonic  acid  gas.  To  accompliih  this,  the  caft  iron 
is  taken  to  a  refining  furnace.  It  is  a  forge-furnace, 
with  its  hearth  fome\^at  hollow ;  the  caft  iron  is  put 
into  it,  and  covered  over  with  a  good  deal  of  charcoal. 
The  fire  is  now  blown  till  the  caft  iron  be  melted ;  when 
brought  into  this  ftate,  it  is  repeatedly  ftirred,  with  the 
beat  dill  continued.  The  ftirring  caufes  it  to  expofe  more 
fqriace  to  the  heat ;  and  by  this  means  the  charcoal  feizes 
more  of  the  oxigene,  in  confequence  of  which  it  is  morfe 
completely  burnt,  and  difengaged  in  carbonic  acid  gas. 
The  metal  appears  alfo  to  detach  from  itfelf  at  the  fame 
time  a  portion  of  fyderite^  or  phofphate  of  iron.  It  is 
next  to  be  hammered  into  bars.  The  hammering,  by 
comprefling  the  particles  of  the  metals,  contributes  to  the 
Separation  of  the  carbure  and  oxide  of  iron  which  it  ftill 
contains ;  it  confequently  effeds  what  could  not  be  ef- 
fefted  by  the  fufion  from  its  being  incomplete.  The 
itfon  is  repeatedly  beaten  and  heated  till  it  be  brought 
to  the  defired  form  and  purity.  Forged  iron  is  either 
(oft  or  brittle.  Soft  iron  is  very  dudile;  and  when 
broken,  which  cannot  be  done  without  bending  it^  it 
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appears  to  confift  of  threads  and  fibres  :  this  has  gained 
it  the  n^me  of  nervous  iron.  But  its  nervous  appearance 
is  accidental ;  for  even  thefoftefl:  iron,  if  broken  fmartly 
at  a-fingle  blow,  does  not  appear  nervous;  while  the 
word  iron,  if  broken  with  due  precautions,  may  be  made 
to  put  on  this  appearance.  The  grain  of  this  metal  af- 
fords a  better  criterion  of  its  quality.  The  other  fpecies 
of  forged  iron  is  more  brittle:  it  has  coarfe  grains,  and 
appears  to  confifl:  of  fmall  fcales  ;  This,  again,  is  either 
][>rittle  when  hot,  or  brittle  when  cold.  The  caufe  of  its 
fragility  is  now  known.  That  which  is  fb  brittle  whea 
cold  is  known  to  contain  much  more  fyderite  or  phofphate 
of  iron  than  what  is  contained  in  any  other  fort  of  iron ; 
dill,  as  iron  is  more  duflile,  it  is  found  to  contain  lef$ 
fyderite ;  and  the  fofteft  iron  contains  none  at  al|.  To 
feparate  this  fait  from  iron,  and  to  determine  its  quanti<p 
ty,  the  metal  may  be  diifolved  in  fulphuric  acid,  diluted 
in  water ;  the  folution,  when  fuflfered  to  fettle,  by  de» 
grees  depofites  the  phofphate  of  iron  in  a  white  precipi* 
tate,  which  may  be  taken  up  and  weighed. 

Iron  is  artificially  converted  into  fteel.  For  this  pur* 
pofe,  fhort  bars  of  iron  are  inclofed  in  an  earthen  box, 
filled  with  a  cement,  which  is  ufually  made  up  of  very 
combuflible  matters ;  fuch  as  foot  from  chimnies,  or 
coals  of  animal  matters ;  fometimes  afhes,  calcined 
bones,  marine  fait,  or  ammoniac,  are  added ;  but  thefe 
matters  are  often  more  hurtful  than  ferviceable.  The 
box  is  now  fhut,  and  expofed  to  heat  for  ten  or  twelve 
hours,  till  the  bars  become  pretty  white,  and  begin  to 
foften.  In  this  operation  the  iron  is  purified,  and  com- 
pletely reduced  by  means  of  the  combuftible  matters 
fi^ith  whfch  it  is  clofely  fur  rounded.  Such  parts  of  it 
■  •  •     -  .  at 
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IS  were  not  perfefUy  in  a  metallic  (late,  are  now  enabled 
to  return  to  that  ftate :  and  the  phofphate  of  iron,  if 
any  yet  remains,  appears  to  be  now  entirely  decompo- 
fed.  The  iron,  being  thus  foftened  and  dilated,  abforbs 
part  of  the  furrounding  charcoal ;  and  cemented  fteel 
appears,  therefore,  to  be  a  combination  of  pure  iron  com- 
pletely reduced,  with  charcoal.  It  differs  from  iron,  as 
containing  charcoal ;  and  from  caft  or  crude  iron,  as 
not  containing,  like  it,  any  oxigene  together  with  the 
charcoaL.  If  caft  iron  be  deprived  of  its  oxigene,  and 
yet  fuffered  to  retain  its  charcoal,  it  will  become  fteel ; 
and  again,  if  you  add  charcoal  to  pure  iron,  without  add- 
ing to  it  any  oxigene,  it  will  likewife  be  converted  in« 
to  fteeL  Steel  is  much  more  fulible  than  iron ;  and 
therefore  bars  of  iron,  converted  by  cementation  into 
fteel,  are  foftened  to  fuch  a  degree,  that  the  carbonic 
add,  which  is  difengaged  in  bubbles,  fwells  the  furface 
of  the  metal  into  fmall  cavities,  which  are  fufficiently 
difcemible.  The  fteel  which  exhibits  thefe  appearances 
is  called  ben-Jleel  *•  The  differences  of  fteel  depend  on 
the  iron's  having  been  more  or  lefs  completely  reduced, 
on  the  quantity  of  the  charcoal  contained  in  it,  and  on 
its  being  flowly  or  quickly  cooled ;  tempering  comprefles 
its  particles  more  clofely  upon  each  other,  and  renders 
ir  very  hard,  dry,  and  brittle. 

It  is  plain,  that  what  renders  all  thefe  preparations 
neceflary,  is,  becaufe  this  metal  is  more  difficult  to  melt 
than  any  other,  adheres  much  more  obftinately  to  the 
oxigenous  principle,  and  has  a  ftronger  tendency  to  com- 
bine with  it. 

There  are  ores,  efpecially  black  iron  ores,  fuch  as 
Vol- in.  B     ^  that 
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that  of  the  iile  of  Elba,  in  which  the  metal  is  fo  plea-^ 
teous,  and  fo  little  altered,  that  there  is  no  occafion  for 
converting  it  firft  into  caft  iron.  It  is  only  foftened  in 
a  refining  furnace,  and  immediately  fubmitted  to  the 
hammer.  This  is  called  the  Catalan  method.  It  cannot 
be  ufed,  except  with  ores  which  contain  but  a  fmall  por- 
tion of  extraneous  matters  that  can  run  into  Jlag. 

Sparry  iron  ores  aiford  iron  fo  pure,  and  fo  eafily  re- 
ducible, that  they  melt  very  readily,  and  greedily  abforb 
charcoal  as  they  are  reduced.  They  are  on  this  account 
called  ores  ofjleel: 

A  very  intenfe  heat  is  requifite  to  melt  iron.  Iron 
filings  caft  into  the  midft  of  a  pan  with  burning  coals, 
or  even  upon  the  flame  of  a  taper,  inftantly  kindle, 
and  produce  very  lively  fparks ;  fuch  too  are  the  fparks 
which  iffue  from  a  piece  of  fteel  when  ftruck  againft 
ftones.  When  thefe  fparks  are  coUefted  upon  white 
paper,  they  are  found  to  be  melted  into  a  kind  of  drofs 
or  fcorix.  This  metal,  when  expofed  to  the  focus  of 
Trudaine's  burning-glafs,  fuddenly  emits  flaming  and 
burning  fparks.  Macquer,  who  melted  both  fteel  and 
iron  in  that  lens,  obferved  fteel  to  be  the  moft  fufible  of 
the  two ;  which  is  owing  to  its  being  combined  with 
charcoal.  When  melted  iron  is  flowly  cooled,  it  takes, 
as  we  have  already  obferved,  a  peculiar  cryftalline  form. 
M.  Mongez  defcribes  it  as  a  pyramid  with  three  or  four 
fides. 

A  flream  of  vital  air  poured  on  iron  in  filings,  caufes 
it  to  burn  with  as  much  rapidity  as  the  heat  of  the 
focus  of  the  lens  in  the  garden  dc  r Infante.  If  into  a 
bottle  filled  with  vital  air  you  iiun^crfe  a  piece  of  iron 
wire,  twifted  into  a  fpiral  line,  with  a  fmall  bit  of  light- 
ed 
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eJ  tinder  at  one  end,  the  metal  fuddenly  takes  fire,  and 

bums  vith  a  rapidity  and  a  flame   which  are    very 

reoiarkable.    As  in  all  thefe  inilances  of  fufion  the  iron 

becomes  brittle,  is  reduced  to  oxide,  and  at  the  fame 

time  takes  a  black  colour,  iron-fmiths,  and  all  who  have 

any  occafion  to  work  the  metal,  confider  it  as  not  being 

fufible  ;  and  with  them  it  is  a  maxim  that  iron  is  abfo* 

lately  infufible.     This  opinion,  however,  proves,  when 

(hidly  examined,  to  be  erroneous  ;  for  when  fubmitted 

to  the  adion  of  a  very  ilrong  fire,  without  being  at  the 

fame  time  expofed  to  the  adion  of  air,  iron  melts  al- 

moft  without  alteration.     In  our  accurate  experiments, 

we  obtain  fmall  buttons  of  foft  dudile  iron. 

Iron,  though  fo  very  hard  and  refradory,  is  very  ea- 
fily  calcined  or  reduced  to  oxide.  As  foon  as  it  begins 
to  turn  red  hot,  it  combines  with  oxigene,  and  burns 
without  any  difcemible  flame.  A  bar  of  iron,  after 
being  kept  red-hot  for  a  confiderable  time,  exhibits  on 
its  furface  fcales  which  may  be  beaten  off  with  the 
hammer,  (and  are  called  by  the  French  workmen  ba* 
ihurcs  defer).  The  metal  of  ihefe  fcales  is  but  oxidated 
in  part,  for  they  are  ftill  liable  to  be  attracted  by  the 
k>adIlone«  A  more  perfect  oxide  of  iron  may  be  ob- 
tained by  expofing  filings  of  fteel  under  a  muflie  ;  and 
this  will  take  place  ftill  more  readily  with  fcales  of  iron. 
Thefe  are  converted  into  a  reddilh  brown  powder,  not 
liable  to  be  attrafled  by  the  loadftone,  which  is  called 
ajlringent  faffron  of  Mars.  '  We  call  it  red  oxide  of  iron  ; 
and  thefcales  we  called  black  oxide.  The  black  oxide  con- 
tains  from  20  to  25  parts  of  oxigene  to  the  hundred  ;  the 
red  oxide  contains  from  32  to  34  of  the  fame  prin- 
ciple.    The  oxides  of  iron  differ  according  as  they  ap- 

B  2  proach 
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proach  nearer  to  the  one  or  the  other  of  thefe  two  dc* 
grees.  Some  are  of  a  yellow  brown  colour;  others 
ch^nut ;  and  others,  again,  of  a  molt  beautiful  red»  like 
carmine.  All  of  thefe  oxides,  when  mixed  with  earthy 
matters,  and  expofed  to  a  very  ftrong.  heat,  melt  into  a 
blackifh  porous  glafs.  They  are  in  part  reduced  when 
heated  ilowly  in  clofe  reiTels*  However  fhort  the  time 
during  which  they  have  been  expofed  to  the  air,  they 
give  out,  when  reduced,  a  certain  quantity  of  carbonic 
acid ;  a  circumftance  which  proves  that  they  attrad  thia 
acid  from  the  atmofphere.  This  acid  is  alfo  produced 
from  the  charcoal  which  the  iron  contains,  and  which 
becomes  acid  by  abforbing  the  oxigene  difengaged  from 
them  as  they  are  reduced. 

Red  oxide  of  iron  is  very  eafily  reduced  with  the 
help  of  combuftible  matters.  On  being  mixed  with  a 
little  oil,  and  heated  (lightly  in  a  crucible,  they  become 
black,  and  very  fubjeft  to  the  attraction  of  the  load* 
ftone ;  But  in  this  operation  they  lofe  not  all  the  oxi- 
gene which  they  contain  j  they  only  pafs  into  the  (late 
of  black  oxide. 

The  pureft  iron  foon  lofes  its  metallic  luftre  when  ex- 
pofed to  humid  air  :  it  is  then  covered  over  with  a  pul- 
verulent brown  yellow  cruft.  This  matter  is  called 
tuft.  Common  iron  is  much  more  liable  to  ruft,  than 
fteel.  The  more  the  particles  of  the  metal  are  atte- 
nuated and  divided,  the  more  rapid  is  the  alteration 
which  it  fu(rers  from  air.  On  this  principle  is  pre- 
pared the  medicine  known  in  pharmacy  under  the  name 
of  aperient  faffron  of  Mars.  To  produce  it,  iron  filings 
are  expofed  to  the  air,  and  watered  ;  and  by  this  means 
they  cpme  to  ruft  very  fpecdily.     It  ia  formed  ftill  more 

quickly 
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quickly  of  iron  in  the  ftate  of  JEihiopf^  or  black  oxide, 
treated  in  the  fame  manner.    In  this  alteration  the  me- 
tal is  agglutinated  into  malTes,  which  are  levigated  be- 
fore being  employed  in  medicine.    The  formation  of  the 
ruft  of  iron  was  thought  to  be  owing  to  the  adion  of 
the  air ;  but  it  is  now  known  to  be  water  which  calcines 
the  metal  in  this  manner.    Some  experiments  peculiar 
to  myfclf  lead  me  to  confider  aperient  faffron  of  Mart 
as  a  combination  of  oxide  of  iron  with  carbonic  acid* 
i  have  diftilled  this  faffron  tf  Mars  in  a  pneumato-* 
chemical  apparatus,  and  obtained  from  it  a  large  pro- 
portion of  this  acid.    The  iron  was'  then  changed  into  a 
black  powder,  very  fubjefl  to  the  attradion  of  the  load- 
{lone.     M.  Jofle,  apothecary  at  Paris,  has  communica- 
ted to  the  Royal  Society  of  Medicine  a  fimilar  procefs 
for  obtaining  fpeedily  martial  Mthiops.    He  advifes  the 
making  the  aperient  faffron  of  Mars  red-hot  in  a  retort, 
with  a  balloon  perforated  with  a  fmall  hole,  fitted,  but 
not  luted,  to  it.    By  this  means  the  heat  difengages  the 
carbonic  acid,  wliich  M •  Jofle  fuffers  to  efcape  through 
the  hole  perforated  in  the  balloon ;  and  the  iron  then 
remains  in  the  ftate  of  black  oxide  in  powder,  or  mar- 
iial  Mthiops.    I  have  by  this  means  often  cryftallized 
cauftic  potafh,  and  foda,  rubbed  over  the  (ides  of  the 
balloon  fitted  to  the  retort*   In  confequence  of  the  car- 
bonic acid,  from  the  iron,  uniting  with  one  or  other  of 
the  alkalis,  the  neutral  falts  are  formed,  to  which  we 
have  given  the  name  of  carbonate  of  potaih  or  of  foda^ 
I  have  made  many  other  experiments,  and  have  given 
an  account   of  them  in  a  particular  Memoir,  {Chem* 
Mem.  ^  Obferv.  1784).    From  all  of  them  I  am  con. 
winced,  that  this  matter  is  a  true  neutral  fait,  formed 
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by  oxide  of  iron  with  the  carbonic  acid.  Ruft  fliould 
therefore  be  called  carbonate  of  iron^  to  diftinguifli  it 
from  the  genuine  oxides  of  this  metal.  This  fait  is  pre* 
cifely  the  fame  with  what  Bergman  calls  aerated  iron. 
This  theory,  too,  has  been  adopted  by  Macquer.  It 
explains  very  naturally  how  iron  comes  to  contra^  ruft 
fo  fpeedily  in  humid  and  impure  air ;  how  it  comes  to 
be  altered,  fo  quickly,  and  fo  entirely,  in  places  where 
the  air  is  corrupted  by  the  r^fpiration  of  animals,  by 
combuftion,  or  by  vapours  proceeding  from  animal  mat* 
ters  ;  as^  for  inftance,  in  (tables,  flails,  and  houfes  of 
office,  &c.  Iron  is  of  all  metals  the  mofl  liable  to  al- 
teration from  the  contaft  of  air,  and  the  alteration  is 
.  not  confined  to  its  furface.  Very  thick  bars  of  iron  are 
often  rufted  half  way  through. 

Water  a£l$  powerfully  on  iron  when  cold.  It  divides 
it,  and  even  difTolves  a  part  of  it,  according  to  the  ex- 
periments of  M.  Monnet.  The  purer  the  iron  is,  and 
the  more  air  the  water  contains,  fo  much  the  more  of 
it  does  it  diflblve.  Wfien  iron  is  for  fome  time  flirred 
about  in  water,  it  appears  to  be  divided  into  very  minute 
parts  ;  and  on  decanting  the  water,  which  is  a  little 
turbid,  it  depofites  a  very  fine  black  powder,  which  has 
received  the  name  of  Lemerfs  martial  JEthiops.  This 
powder  mufl  be  carefully  dried  by  a  moderate  heat,  and 
in  a  clofe  vefTel,  fuch  as  an  alembic,  left  the  contact  of 
the  air  fhould  rufl  it.  This  martial  iEthiops  is  very  fub- 
jeft  to  the  attraftion  of  the  loadflone  ;  it  is  a  black 
oxide  of  iron  formed  by  water.  As  this  operation  is 
very  tedious  and  delicate,  various  chemifts  hjive  attempt- 
ed to  fi mplify  it.  Rouclle,  in  making  up  this  prqpara- 
tic  n,  made  ufe  of  the  mouffoirs  de  la  Garayc^  and  by  that 

means 
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means  obtained  a  very  fine  JEthiops^  in  much  lefs 
time  than  is  confumed  in  Lemery's  procefs.  I  believe 
HL  Joffe's  method,  t^hich  is  much  more  expeditious, 
might  be  advantageoufly  fubftltuted  in  its  place-  We 
will  hereafter  give  fome  other  proceffes  for  preparing 
martial  JEifjiops.  Lemery's  is  efFefted  by  an  a£tual  de- 
compofition  of  water ;  hydrogenous  gas  is  difengaged, 
and  the  iron  is  oxidated  by  abforbing  twenty-five  parts 
of  oxigene  to  a  hundred.  We  will  very  foon  treat  more 
at  length  of  this  decompofition  of  iron  by  water. 

We  have  already  mentioned,  that  when  ft  eel  in  bars 
is  heated  to  a  certain  degree,  and  fuddenly  immerfed  in- 
to cold  water,  it  becomes  very  hard,  and  very  brittle. 
The  hotter  the  fteel,  and  the  colder  the  liqour  into  which 
it  is  immerfed,  fo  much  the  more  eminent  do  thefe  quali- 
ties  become.  ITiis  operation  is  called  iempeYing.  Steel 
may  at  pleafure  be  caufed  to  aflume  any  degree  of  hard* 
nefs.  We  can  alfo  deprive  it  of  its  temper ^  by  heating 
k  to  the  fame  temperature  at  which  it  was  tempered,  and 
fuffering  it  to  cool  flowly.  This  effeft  of  water  on  fteel 
appears  to  depend  on  the  fudden  cooling  producing  a 
change  in  the  difpofition  of  its  parts,  and  injuring  its 
cryftallization.  All  metals  admit  of  being  hardened  by 
tempering  ;  but  the  more  infufible  the  metal,  fo  much 
the  more  eminent  the  degree  in  which  it  acquires  this 
quality.  Iron,  therefore,  is  more  fufceptible  of  it  than 
any  other. 

About  two  years  fmce,  a  much  ftronger  aclion  was 
difcovered  to  take  place  between  water  and  iron.  M. 
Lavoifier  putting  iron  and  water  together  into  belUglafs 
above  mercury,  obferved  that  the  iron  rufted,  and  the 
water  decreafed  in  quantity  in  proportion  as  an  elaftic 
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fluid  which  filled  the  upper  part  of  thd  apparatus  was 
difengaged*    The  fluid  difengaged  proved  to  be  infiam^ 
mable  gas.    The  iron  had  gained  an  additional  weighty 
and  was  oxidated;     M.  Lavoifier  conjedtured,  that  the 
water  might  contain  oxigene^  and  that  the  inflammable 
gas,  the  other  principle  of  the  water,  ipight  be  difenga* 
ged,  in  confequence  of  the  ozigene  uniting  with  the  iron. 
He  afterwards  made  a  more  decifive  experiment,  in  con- 
jundtion  with  M.  Meufnieri  in  that  experiment,  water 
in  vapour  introduced  into  a  gun-barrel  made  red-hot, 
afforded  a  large  proportion  oi  inflammable  gas :  The  inner 
part  of  the  gun  was  found  to  have  acquired  additional 
bulk,  and  was  become  black,   brittle,  and  lamellated, 
much  like  the  iron  ore  of  the  ifle  of  Elba;    The  metal 
was  foond  to  have  gained  an  increafe  of  weight ;  and 
the  additional  weight  which  it  had  acquired,  taken  toge- 
ther with  the  weight  of  the  inflammable  gas^  correfpond- 
ed  precifely  to  that  of  the  water  decompofed.     The  por* 
tion  of  iron  oxidated  by  this  means  was  found  feparate 
from  that  which  had  not  undergone  the  fame  alteration* 
It  formed  an  interior  cylinder,  thicker  than  the  exterior 
part ;  and  differing  greatly  from  it  in  texture,  colour^ 
confiftency,  and  form.     In  order  to  fucceed  in  this  ex- 
periment, it  is  requidte  to  heat*  the  iron  to  a  white  red ; 
for  heat  contributes  greatly  to  the  feparation  of  the  prin- 
ciples of  the  water.     And  when  the  gun-barrel  is  not 
thoroughly  red-hot,  and  the  water  not  in  an  highly  ela- 
flic  (late  when  it  paffes  through  it,  no  inflammable  gas  is 
difengaged,  nor  is  the  water  decompofed.    This   has 
happened  with  various  phiiofophers ;  who  not  making 
the  iron  hot  enough,  and  introducing  the  water  into  it 
in  a  liquid  (late,  have  not  obtained  the  fame  refults  as 
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M.  Lavoifiery  and  have  of  confequence  denied  water  to 
be  decompofable,  though  Synthefis  concurs  to  juftify  M. 
Lavoifier's  inferences  from  analyfis,  as  has  been  in^on- 
troT^rtibly  ihown  by  the  fame  gentleman  and  M.  Mongez. 
There  are  many  other  occafions  on  which  water  is,  in  a 
like  manner,  feparated  into  its  conftituent  principles,  and 
gives  rife  to  many  very  important  phaenomena,  of  which 
we  (hall  hereafter  have  cccafion  to  take  notice.  Such  is 
the  experiment  by  which  water  was  difcovered  to  be  a 
compound  confiiUng  of  0,14  of  hydrogene,  with  0,86  of 
oxigene* 

Iron  does  not  combine  in  its  metallic  (late  with  earthy 
or  flony  matters  ;  but  oxide  of  iron  facilitates  the  vitri(i- 
cation  of  all  kinds  of  (lone ;  communicating  to  them  a 
green  or  brown  colour.  The  colours  which  oxide  of 
iron  communicates  to  other  bodies  are  various,  accor* 
ding  as  it  is  more  or  lefs  completely  oxidated.  This 
oxide  po(refle$  likewife  the  property  of  alTuming  and 
communicating  more  or  lefs  confiftcncy  to  thofe  (lones 
with  which  it  is  naturally  or  artificially  mixed,  and  dilu* 
XtA  by  means  of  water. 

Neither  barytes,  magnefia,  nor  lime,  a£ls  obfervably 
upon  ifon. 

The  pure  fixed  alkalis  and  ammoniac,  when  diffolved 
in  water,  a£t  in  a  fenfible  manner  on  this  metal.  In  the 
CQurfe  of  a  few  days  digedion  on  it,  the  liquors  become 
foul,  and  give  a  precipitate  of  a  fmall  portion  of  JEibiops^ 
or  black  oxide  of  iron  :  And,  as  has  been  obferved  by 
the  chemifts  of  the  Academy  of  Dijon,  a  certain  quanti- 
ty of  hydrogenous  gas  is  difengaged  during  the  a£Hon 
of  tUefe  fubftances  ;  a  circumftance  which  proves,  that 
4b^  water  contributes  to  it,  as  the  hydrogenous  gis  cuk 
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be  given  out  only  in  confequence  of  its  decompofition  ; 
to  which  no  doubt  the  alkalis  contribute. 

Iron  may  be  diffolved  in  any  of  the  acids.  M.  Mon- 
net  has  obferved,  that  the  concentrated  fulphuric  acid 
cannot  aft  on  this  metal,  unlefs  it  be  boiling.  On  dif- 
tilling  this  mixture  to  drynefs,  there  are  found  in  the 
retort  fublimated  flowers  of  fulphur,  and  fulphate  of  iron 
in  a  white  mafs,  which  may  be  partly  diflblved  in  water, 
but  which  being  deconipofed  by  heat,  affords  no  cryftals. 
The  fulphuric  acid  diluted  in  two  parts  of  water,  readily 
diiTolves  iron  filings  cold  ;  at  the  fame  time,  when  the 
metal  is  diffolved,  a  confiderable  quantity  of  hydroge- 
nous gas  is  difengaged.  By  putting  a  lighted  taper  to 
the  mouth  of  the  matrafs,  after  keeping  it  flopped  for 
fome  time  with  the  hand,  it  may  be  made  to  detonize 
with  a  confiderable  noife.  This  gas  burns  with  a  red- 
difh  flame,  fometimes  emitting  very  fmall  fparks,  like 
thofe  of  iron  filings.  Macquer,  Bergman,  and  Mr  Kir- 
wan,  think  that  in  this  inflance  of  combination  the  ful-^ 
phuric  acid  difengages  a  great  part  of  the  phlogiflon  of 
the  iron,  and  that  the  inflammable  gas  belongs  folely  to 
this  metal.  This  opinion  appears  to  have  been  buih  on 
the  belief,  that  inflammable  gas  might  be  extrafted  from 
iron  alone,  without  any  intermedium,  merely  by  the  ac- 
tion of  fire.  But  it  is  at  prefent  a  well  eflabliflied  fad, 
that  the  hydrogenous  gas,  difengaged  from  iron  by  heat, 
is  always  in  exaft  proportion  to-  the  water  it  contains  ; 
and  it  is  no  lefs  certain,  that  water  added  to  fulphu- 
ric acid  gives  out,  in  confequence  of  being  decompo- 
fed,  hydrogenous  gas.  i.  Becaufc  the  concentrated 
fulphuric  acid  affords  only  fulphureous  gas.  2.  Becaufe 
in  this  flate  it  cannot  aft  upon  iron  without  the  aid  of 
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heat,  and  even  then  afts  upon  it  very  faintly.  3.  Be- 
caufe,  whenever  water  is  added,  the  aftion  becomes  more 
rapid,  and  hydrogenous  gas  is  produced.  4.  Laftly 
becaufe  concentrated  fulphuric  acid  is  in  part  decom- 
pofed  by  iron  when  there  is  no  water  added  ;  where- 
as, when  water  is  added  to  the  folution,  the  acid  remains 
>*ithout  diminution,  and  only  combines  with  the  oxide 
of  iron.  The  proof  of  this  laft  fact  is,  that  the  fame 
quantity  of  alkali  is  required  to  falurate  this  acid  after 
it  has  afled  on  iron  as  before.  In  this  operation,  there- 
fore, it  is  the  water  which  oxidates  the  iron,  as  was  long 
fince  conjeftured  by  M.  de  la  Place  ;  and  has  been  fully 
proved  by  Meffrs  I.avoifier  and  Meufnier. 

While  the  fulphuric  acid  diluted  in  water  adls  upon 
iron,  a  portion  of  the  metal  is  precipitated,  in  a  black 
powder,  which  was  taken  by  Stahl  for  fulphur,  and  has 
been  found  by  M.  Monnet  to  be  martial  Mthiops.  That 
black  oxide  appears  to  be  more  than  fufEcient  for  the 
faturation  of  the  acid.  As  foon  as  one  part  of  the  iron 
is  combined  with  one  of  the  acid,  although  the  acid  be 
not  nearly  faturated,  yet  the  folution  ceafes,  and  it  no 
lor.ger  acts  upon  the  metal.  M.  Monnet,  who  firft  made 
this  obfervation,  remarks,  that  when  water  is  poured  in- 
to the  mixture,  the  acid  begins  again  to  aft  upon  the  me- 
tal. The  caufe  of  this  pha?nomenon  is,  that  the  water 
which  was  united  with  the  fulphuric  acid  has  been  ab- 
forbed  by  the  fulphate  of  iron,  which  is  already  formed, 
while  the  acid  which  remains  unfaturated  cannot  aft  up-, 
on  the  iron,  till  by  the  addition  of  a  new  quantity  of 
water  more  of  the  metal  be  reduced  to  oxide.  The  ful- 
phuric acid  diflfolves  more  than  half  its  own  w«* 
iron.     This  folution,  after  being  filtered  and  C! 
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aflPords  by  cooling  a  tranfpareiit  fait,  of  a  beautiful  ^ttTL 
colour,  in  rhombic  cryftals.  This. is  the  martial  vitriol^ 
or  green  copperas  of  commerce.  We  call  it  fulphate  of 
iron. 

People  do  not  take  the  trouble  of  making  up  this  fak 
artificially,  becaufe  nature  fupplies  it  in  abundance^ 
and  it  is  eafily  extra<Eled  from  martial  pyrites.  All  that 
is  requifite  is,  to  leave  thofe  fulphurs  expofed  for 
fome  time  to  the  air.  The  moifture  of  the  atmofphere 
contributes  to  their  decompofition ;  they  become  co« 
▼ered  with  a  white  efflorefcence,  which  needs  to  be  diC* 
folved  in  water,  and  cryilallized,  before  it  can  afford 
fulphate  of  iron.  This  dec^ompofition  of  pyrites  de- 
pends, according  to  StabI,  on  a  double  affinity.  Sulphur 
is  with  him  a  compound  of  phlogi/ion  and  vitriolic  acid« 
Neither  water  or  iron,  when  taken  each  by  itfelf,  caa 
decompofe  fulphur  :  But  when  thefe  two  fubflances 
are  made  to  a£t  upon  it  together,  the  iron  detaches,  and 
attracts  to  itfelf  the  phlogifton  of  the  fulphur,  and  the 
vitriolic  acid  combines  with  the  water  to  diflblve  the  me- 
tal. Such^of  the  pyrites  as  are  lefs  difpofed  to  efflorefcCj 
among  which  are  the  brilliant  pyrites,  efflorefce  readily 
after  being  deprived  by  roafting  of  a  part  of  the  ful- 
phur which  they  naturally  contain.  The  vitriol  is  fe- 
parated  from  it  by  wafliing.  The  folution  of  this  fait 
depofites  at  firft  a  certain  quantity  of  iron  in  the  (late  of 
Dchre.  The  liquor  is  not  evaporated  and  cryftallized 
till  after  this  depofitum  be  precipitated.  The  modern 
opinion  concerning  the  efflorefcence  of  pyrites  is,  that 
the  fulphur,  which  in  them  is  divided  as  in  its  combina- 
tions with  alkaline  fubflances,  combines  with  a  portion 
oi  oxigene  to  form  fulphuric  acid,  which  being  diluted 
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by  the  water  of  the  atmofphere,  enters  into  union  with 
die  iron,  not  without  exciting  heat,  and  diflblve$  it* 
What  add^  a  very  confiderable  weight  to  this  opinion  is, 
that  the  contact  of  air  is  neceflfary  to  the  efflorefcence  of 
pyrites,  and  that  moifture,  which  contf  ibutes  greatly  to 
their  vitriolization^  a£ts  in  this  inftance  in  the  fame  man- 
ner as  in  the  folution  of  iron.  Such  is  the  origin  of  the 
hydrogenous  gas,  which  is  difengaged  in  this  operation 
when  performed  in  vacuo* 

Sulphate  of  iron  has  a  green  emerald  colour,  and  z 
very  aftringent  tafle.    It  fometimes  reddens  fyrup  of 
Tiolets ;  but  it  does  not  uniformly  produce  this  effect. 
From  the  experiments  of  Kunckel  and  M.  Monnet,  it 
appears  that  thefe  cryftals  contain  a  quantity  of  water 
equal  to  more  than  half  the  weight  of  the  fait.     If  this 
fait  be  fuddenly  expofed  to  a  pretty  ftrong  heat,  it  be- 
comes liquid,  like  any  of  the  other  falts  which  are  more 
foluble  in  heat  than  in  cold :  when  dried,  its  colour  is 
a  whitifh  grey.    If  it  be  heated  at  a  more  intenfe  fire> 
it  gives  out  fo  much  of  its  acid  in  the  form  of  fulphu- 
reous  gas,  and  becomes  red ;  in  this  flate  it  is  called 
colcQtbar.    Sulphate  of  iron,  when  calcined  till  it  be- 
comes red,  attracts  the  moiflure  of  the  atmofphere,  in  a 
very  feniible  manner,  by  means  of  the  fulphuric  add 
which  it  contains.     When  diftilled  in  a  retort,  and  in 
a  reverberating  furnace,  this  fait  affords  at  firft  a  wa- 
ter which  is  faintly  acid,  and  is  called  dewofviirioL 
The  balloon  muft  be  changed,  when  we  wiih  to  obtain 
the  concentrated  fulphuric  acid  feparately  ;  which,  whea 
the  heat  is  very  intenfe,  appears  black  as  it  pafles  into 
the  receiver,  and  exhales  a  fufibcating  fmell  of  volatile 
fulphureous  acid.    What  enables   it  to  difplay  thefe 
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phaenomena  is,  according  to  the  pneumatic  theory,  itt 
having  lofl:  a  part  of  its  oxigene,  v^hich  has  become  fix* 
ed  in  the  iron.  Towards  the  end  of  the  operation,  the 
acid  diflilled  afTumes  a  concrete  cryflalline  form,  and  it 
is  now  called  glacial  fulpburic  acid*  This  experiment, 
which  is  defcribed  by  Hellot,  did  not  fucceed  with  M« 
Baume  )  but  among  chemifts  in  general  it  is  condder- 
ed  as  certain  and  infallible.  The  glacial  fulphuric  acid^ 
when  diililled  in  a  fmall  retort,  gives  out  fulphureous 
gas,  and  becomes  white  and  fluid.  It  owes  its  concrete 
ftate  to  the  prefence  of  this  gas.  It  combines  with  wa- 
ter with  hiiling  and  heat,  and  on  this  occafion,  too,  gives 
out  fulphureous  gas.  Such  is  Northaufen's  fuming  oil 
of  vitriol  J  and  the  concrete  fait  obtained  from  it  by  a 
moderate  heat,  of  which  I  have  given  an  analyfis  in  a 
Memoir  publifhed  among  the  Memoirs  of  the  Academy 
for  the  year  1785. 

The  refidue  remaining  after  the  diftlllation  of  fulphatc 
of  iron  is  red,  and  refcmbles  colcothar.  When  walhed 
with  water,  there  is  feparated  from  it  a  v»'hite  fait,  but 
little  known,  and  called  colcothar  falt^  or  fixed  fait  ofvi- 
trioL  What  remains  is  a  red  infipid  earth,  which  is  pure 
oxide  pf  iron,  and  is  called  mild  earth  of  vitriol. 

Sulphate  of  iron,  when  cxpofcd  to  the  air,  becomes 
fomewhat  yellow,  and  is  gradually  covered  with  ru(t,  by 
abforbing  oxigene  from  the  atmofphere.  By  this  ab- 
forption  ef  oxigene,  it  is  gradually  more  and  more 
calcined,  till  it  become  incapable  of  remaining  united 
with  the  fulphuric  acid.  A  folution  of  this  fult  exhibits 
the  fame  pha:noraenon  when  brought  into  coniad  with 
the  atmofphere;  and  cither  the  one  or  the  other  may  be 
ufed  as  an  eudiometer. 
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half  its  ofvn  iragir.:  iiq:  ^kzst  ;cicDiv^    ^il  mrrL  c 
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and  after  it  is  riffinivtal  vE  aL  -mr.  .i:  jzzl  ^{tiz  it  zr^ 
flaUizadaD,  ThfTff  TgnaTn.>  :.  haras  :^  urain*.  a:  ^  vnysa. 
yellow  maflttr  ixratsr.  mr  JurrrpiiDg  of  rryfraii^-rnnT, 
WThen  errp:  iralrd  irr  z  fcrnn^  itsau  nnr  inti?T£jL:  n  mnL 
thi*  modier  isaXBr  iuim:  h,  iht:  imnumr^  jxzii^  ¥>rni=t 
povrerfully  arnanr  ^Ott  Tunifrmr  oE  tbs  ammsmz:^ 
When  this  nsds  i^  -fimrongiuy  dry-,  i:  afiirr-di  l  pssnilt 
yellow  pcTwdci.  AnrardiDg  il  K1.  lujaiinsu  tiit  jnuibs: 
water  of  fcljihatr  of  inm  cmnam;  inn.  in  tiki  hnif  nf  £ 
perfeS  oiduc  He  inad^  Jiimf^r  csTrnir  L>f  ttiif  ai.  l^y 
forming  direfily,  -wii  Ac  ieip  nf  Vtr:r,  l  Lmniaii  -nf 
genuine  oxide  of  iron  in  ihifc  nzLi  T^  xuiiciaL  i> 
brown,  and  not  fufcffptlbk  of  cyibilli^iLriiaL 

The  oxide  cf  irnn  1217  b*  ifrpgrr/f::  from  ihi  m^* 
ther  water,  not  cmh  by  zlirrr-T^ouL  cLrih,  "bsi  iKb  by 
copper  and  iron  filings  *^  wLkL  pcrfca  jVobaie  of  iroa 
is  not  liable. — A  flrcBgly  fziaiaied  foliinon  oi  das  per* 
fed  fait,  if  expofed  to  the  air,  changes,  in  a  certain  fpace 
of  time,  into  a  mother  wat^r  cf  the  fame  nature  with 
the  two  laft- mentioned,  by  attracHrg  cxijenc  from  the 
atmofphere. 

Sulphate  of  iron  is  decompofable  by  lime  and  alkalis* 
Lime-water  poured  into  a  folution  of  this  fait  provUuc;^ 
a  precipitate  in  flakes  of  a  deep  olive  green  colour  i  u 

portion 
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portion  of  the  precipitate  is  again  diffolved  in  the  watef  ^ 
and  communicates  ta  it  a  reddifh  tinge.  In  the  years 
1777  and  1778,  I  prefented  to  the  Academy  two  Me^ 
moirs  on  precipitates  of  iron  obtained  by  cauftic  alkalis^ 
or  by  alkalis  not  cauftic,  in  which  I  have  accurately 
defcribed  the  phaenomena  which  attend  thefe  precipita* 
tions,  and  the  ftate  of  the  iron  in  thefe  different  cir« 
cumftances ;  I  fhall  here  give  the  chief  fads  which  they 
afford  in  relation  to  fulphate  of  iron.  Cauftic  fixed 
alkali  precipitates  the  fulphuric  folution  of  iron  in  dark 
green  flakes,  which  are  again  diffolved  in  the  alkali, 
forroig  a  kind  of  martial  tindure  of  a  very  beautiful 
red  colour.  When  a  fmaller  portion  of  the  alkali  is  put 
into  the  folution,  the  precipitate  may  be  taken  up  and 
converted  into  blackifh  JEthiops^  or  black  oxide  of  iron, 
by  drying  it  rapidly  and  in  clofe  veffels.  If  thefe  two 
precautions  were  negledled,  the  iron  would  very  foon 
become  oxide,  on  account  of  its  being  moift  and  di- 
vided. Potafti,  faturated  with  carbonic  acid,  or  car- 
bonate of  potafli,  forms  a  greenifh  white  precipitate, 
which  does  not  diffblve  again  in  the  alkali.  This  dif- 
ference is  owing  to  the  carbonic  acid,  which  unites  with 
the  iron  as  faft  as  it  is  feparated  from  the  alkali  by  the 
fulphuric  acid.  Pure  or  cauftic  ammoniac  produces  a 
precipitate  from  a  folution  of  fulphate  of  iron  in  water, 
of  a  deep  blackifh  green,  and  which  does  not  diflblve 
again  in  the  fait.  By  drying  it  fuddenly,  and  in  clofe 
veffels,  it  may  be  obtained  black,  and  liable  to  be  attraft- 
cd  by  the  loadftone.  The  precipitate  formed  by  con- 
Crete  ammoniac,  or  ammoniacal  carbonate,  is  of  a  green- 
ifli  grey  colour ;  a  part  of  it  is  again  diflblyed  in  the 
fait,  and  communicates  to  it  a  red  tinge ;  fo  that  the 

phaenomena 
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phsenomena  which  ammoniac  produces  in  this  folution^ 
are  in  one  refped  dire^Ujr  oppofite  to  thofe  of  the  fix- 
ed alkalis  :  cauftic  fixed  alkali  diflblves  the  precipitated 
iron  very  readily ;  carbonated  potafh,  not  without  the 
greateft  difficoky. 

Afiringent  yegetable  matters,  fuch  as  nut-galls^  fu- 
mac,  hoiks  of  nuts  and  pomegranates,  quinquina,  cy^ 
prels-nuts,  logwood,  tea,  &c.  caufe  fulphate  of  iron  t<> 
yield  a  black  precipitate*  This  precipitate,  which  can- 
not be  miftaken  for  iron,  is  fo  much  attenuated  as  to  re^ 
main  fofpended  in  the  liquor.  On  adding  to  this  mix- 
ture a  little  gum-arabic,  the  iron  precipitate  is  perma- 
nently fdpended,  and  the  compofition  forms  the  black 
liquor  known  under  the  name  of  ink«  We  do  not  yet 
certainly  know  what  pafles  on  this  occafion.  Macquer, 
M.  Mbnnet,  aiid  many  other  chemifts,  think  the  preci- 
pitate of  ink  to  be  combined  with  fome  principle  of  the 
nut-gall  which  difengages  it  from  the  acid.  They  ap- 
pear with  fome  reafon  to  think  that  principle  in  an  oily 
ftate.  M.  Guanetti,  a  phyfician  at  Turin,  has  made  a 
number  of  experiments  on  iron  preqipitated  by  aftrin- 
gents  fiiom  its  folutions.  The  refult  of  his  refearches, 
which  he  has  given  in  his  analyfis  of  the  waters  of  St 
Vincent,  proves  that  this  precipitate  is  not  liable  to  be 
attra&ed  by  the  loadftone ;  that  it  becomes  fo,  however, 
when  heated  in  a  very  clofe  vetfel ;  that  it  is  foluble  in 
acids  without  efiervefcence ;  and  that  the  folution  no 
longer  receives  a  black  tifl£ture  from  nut-galls  ;  from 
which  fads  it  may  be  ilif^ed,  that  the  iron  is  combi« 
ned  with  the  aftringent  principle,  and  that  they  exift 
together  fomewhat  in  the  ftate  of  a  neutral  (alt.  In  the 
third  Volume  of  the  Elements  ofChemiftry,by  the  Aca- 
VoL.  III.   ,  C  ^ass\ 
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demy  of  Dijon,  there  is  a  feries  of  experimeats  on  the 
aftringcnt  vegetable  principle,  which  feem  to  reprefent 
this  fubftance  as  of  a  fimilar  nature  with  acids.  Ac- 
cording to  thofe  chemifts,  it  reddens  vegetable  blue  co- 
lours ;  combines  with  alkalis  ;  decompofes  fulphurs ; 
diflblves,  and  appears  to  neutralize  metals  \  decompofes 
all  folutions  of  metals  with  peculiar  phaenomena;  a- 
fcends  in  diftillation,  without  loiing  its  power  of  afting. 
on  metals,  and  difplays  a  vaft  number  of  other  properties 
^hich  we  have  not  here  roomi  to  enlarge  upon. 

The  experiments  and  indudions  of  the  academicians 
of  Dijon  have  (ince  been  confirmed  by  the  refearches  of 
Scheele.  That  celebrated  chemift  has  difcovered,  that 
the  fimple  infufion  of  nut-galls  in  water,  feparates  from 
it  a  peculiar  acid,  fufceptible  of  cryftallization,  which 
detaches  iron  from  any  other  acids,  and  communicates 
to  it  a  black  colour,  by  bringing  it  nearer  to  a  metallic 
ftate.  We  call  this  fait  the  acid  ofgalls^  or  the  gallic  acid. 
Its  hiftory  will  occur  in  the  vegetable  kingdom. 

A  phaiuomenon  flill  more  difficult  to  underfland  than 
the  adion  of  nut-gall  on  fulphate  of  iron,  is  the  decom- 
pofition  of  this  fait  by  an  alkali  calcined  with  bullock's 
blood.  By  this  means  we  obtain  a  precipitate  of  a  beau- 
tiful blue  colour,  and  infoluble  in  acids.  This  preci- 
pitate is  called  Berlin^  or  PruJJian  blue^  becaufe  it  was 
firft  difcovered  in  the  city  of  Berlin.  Stahl  relates,  that 
a  chemift,  of  the  name  of  Diefbach,  happening  to  bor- 
row from  Dippel  a  quantity  of  fixed  alkali  to  precipitate 
a  folution  of  cochineal,  Dippel  gave  him  alkali  on  which 
.he  had  diflilled  his  animal  oil.  The  fait  caufed  Dief- 
bach*s  fplution  to  yield  a  blue  precipitate.  Dippel  in- 
quired into  the  caufe^  and  prepared,  by  a  fimple  procefs, 

the 
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Ch^  Phifliah  blue,  which  was  made  known  to  the  World 
in  the  year  1 7 1  o,  in  the  Mifcellanies  of  the  Academy  of 
Berlin ;  but  the  mode  of  preparation  was  not  commu- 
nicated. Chemifts  laboured  eagerly  to  difcover  the  pro- 
cefs  for  preparing  it,  and  at  length  fucceeded.  In  the 
year  1724,  Woodward  publifliedy  in  the  Philofophical 
Tranladions,  a  procefs  for  preparing  this  colouring  fub- 
fiance. 

To  make  Pruflian  blue,  mix  four  ounces  of  nitre,  fix- 
ed by  tartar^  with  as  much  dried  bullock's  blood.  Cal- 
cine this  mixture  in  a  crucible  till  it  be  reduced  to  a 
coal,  and  ceafe  to  emit  dame.  Wafh  it  with  as  much 
water  as  may  be  requifite  to  diifolve  the  whole  of  th^ 
faline  matter,  which  is  called  pblogi/licated  alkali^  or  cO" 
huring  lixivium  ;  and  let  this  lixivium  be  concentrated 
by  evaporation.  Next  diifolve  two  ounces  of  fulphate 
of  iron,  and  four  ounces  of  aluminous  fulphate,  in  a  pint 
of  water.  Mix  this  folution  with  the  alkaline  lixivium  ; 
a  greenifli  depofitum  is  produced,  which  mud  be  fepa- 
rated  by  the  filter  and  muriatic  acid  poured  upon  it* 
The  depofitum  then  takes  a  darker  and  more  beautiful 
blue  colour ;  and  is  to  be  dried  by  a  moderate  heat,  or 
in  the  air. 

Many  chemifls  have  fmce  attempted  both  to  prepare 
and  to  form  a  theory  of  Pruflian  blue.  As  to  its  prepa- 
ration, it  is  at  prefent  known,  that  many  other  fubdances 
render  alkali  capable  of  producing  a  blue  precipitate  of 
iroa. 

Gcoffroy,  in  the  Memoirs  of  the  Academy  for  the  year 
1725,  fays,  that  he  found  all  burnt  coals  of  animal  mat- 
ters capable  of  communicating  this  property  to  alkalis. 
M.  Baume  aiTerts,  that  phlogi/licated  alkali  may  be  1 
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pared  with  the  coals  of  vegetable  fubftanees  by  a  (trong^ 
er  heat.  Spielman  has  made  it  with  bitumens ;  Braad( 
with  ibot«  The  manufadories  of  Pruffian  blue  are  rery 
numerous  ;  and  in  each  of  them,  it  would  appear,  dif- 
ferent methods  are  employed  in  the  preparations.  M. 
Baunach  informs  us^  that  in  Germany  the  hooves,  horns^ 

and  hides  of  cattle,  are  ufed  for  this  purpofe.    All  ani- 

• 

mal  matters,  however,  do  not  appear  equally  proper  for 
the  Pruflian  lixivium.  I  have  attempted  ineffsftually 
to  prepare  it  with  the  bile  in  the  fame  manner  as  widi 
the  blood  of  buUocks.  What  I  obtained  was  an  alkali^ 
which  produced  in  a  folution  of  vitriol  a  greenifli  whice 
precipitate ;  and  the  precipitate  was  entirely  diiSolyed  in 
the  muriatic  acid. 

Chemifts  differ  greatly  concerning  the  theory  of 
Pruffian  blue.  Brown  and  Gebffroy  thought  it  to  be 
the  pbloitftic  part  of  iron  extricated  by  the  lixivium  of 
the  blood,  and  united  with  the  aluminous  earth.  Abb6 
Menon  thought  it  to  be  alkali.  Macquer,  in  a  Memoir 
which  has  defervedly  been  confidered  as  a  mafter-piece 
by  every  chemift,  and  is  inferted  among  the  Memoirs 
of  the  Academy  for  the  year  1752,  has  refuted  the  opi« 
nions  of  thofe  chemifts.  He  thinks  Pruffian  blue  to  be 
nothing  but  iron,  combined  with  an  excefs  of  the  in- 
flammable principle  which  it  receives  from  the  fblogi^ 
Jlicaied  alkali,  and  the  alkali  from  the  bullock^s  blood# 
He  obferves,  i.  That  Pruffian  blue,  when  expofed  to 
heat,  lofes  its  colour,  and  becomes  fimply  iron  again  t 
2.  That  this  blue  is  infoluble  even  by  the  ftrongeft  a- 
cids :  3.  That  alkalis  are  capable  of  diiTolving  the  co- 
louring matter  of  Pruffian  blue  and  abforbing  it  till 
they  be  faturated.  For  this  it  is  fufficieut  to  heat  an  at- 
a  Valine 
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falbe  liziviam  upon  Praffian  blue  dll  die  alkali  be- 
come unfit  to  dificolour  it»    Alkali^  ivhen  thus  faturated 
ii&  the  colottring  matter  of  Fruffian  blue.  Is  found  to 
ittie  bft  moft  c^  its  properties.    It  is  no  longer  cauftie ; 
tt  does  not  effervefce  with  acids ;  of  the  earthy  falts,  it 
deoooipofes  only  fuch  as  have  barytes  for  their  bafe  ;  it 
praqiitates  all  metallic  falts ;  and  this  precipitation  ap- 
fevs  to  take  {dace  by  virtue  of  a  double  afiinity,  the 
affinity  of  the  acid  with  the  alkali,  and  die  aflinity  of  the 
JMCallic  oxide  with  the  colouring  part  of  that   fait. 
Aflcali  is  thus  capable  of  deftroying  the  colour  of  a 
twentieth  part  of  its  weight  of  Pruifian  blue ;  and  is 
Aen  faturated  with  colouring  matter.    The  adds  dif- 
engage  from  it  a  fmall  quantity  of  blue  fediment ;  and 
die  fidphate  of  iron  is  then  inftandy  precipitated  in  per- 
feft  Fruffian  blue. 

In  rq^d  to  alkali  prepared  in  the  common  way, 
Mbcquer  obferves,  that  it  is  far  from  being  completely 
fittorated  widi  colouring  matter ;  and  that,  from  this 
drcumflancc,  it  produces  at  iirft  a  green  precipitate 
from  die  fbludon  of  fulphate  of  iron.  In  fad,  the  por* 
tion  of  the  alkali  which  is  faturated  does  give  a  blue 
precipitate ;  but  the  portion  which  is  not  faturated  pre- 
cipitates iron  in  the  flate  of  ochre,  which  gives  a  green 
dnge  to  the  blue  precipitate,  by  intermixing  the  blue 
with  yellow.  According  to  this  ingenious  theory,  the 
add  poured  on  the  predpitate,  ierves  to  diflblve  that 
portion  of  it  which  is  not  in  the  flate  of  PruiEan  blue, 
and  to  improve  the  colour  of  that  which  is.  The  alum, 
which  is  added  to  the  folution  of  fulphate  of  iron,  fatu- 
fates  the  alkali  which  is  not  already  faturated  with  co- 
louring matter ;  and  the  earth  of  this  lift  added  iU^ 
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being  precipitated  with  the  Pruflian  blue,  brightens  its 
dye.     As  it  is  necelTary  to  pour  acid  on  the  precipitate 
of  fulphate  of  iron,  in  order  to  brighten  Pruffian  blue, 
that  acid  may  be  added  to  the  alkali  before  it  be  tvcL" 
ployed  to  precipitate  the  iron  ;  for  while  the  acid  fatu- 
rates  the  pure  part  of  the  alkali,  it  does  not  combine 
with  that  which  is  impregnated  with  colouring  matter, 
and  is  capable  of  inftantaneoufly  forming  fine  Pruf&an 
blue.     1  his  phlogijiicaied  alkali  may  be  alfo  faturated 
with  bulIock^s  blood,  by  digefting  it  over  PruiGan  blue 
till  it  ceafe  to  difcolour  it.     Macquer  has  recommend- 
ed this  alkali,  faturated  with  acid,  as  a  good  teft  for  de- 
termining the  prefence  of  iron  in  mineral  waters :  but 
M.  Baume  has  obferved,  that  this  liquor  itfelf  contains 
a  certain  quantity  of  Pruflian  blue,  by  which  it  may  oc- 
cafion  miftakes  when  applied  to  this  purpofe.     He  pro? 
pofes,  therefore,  to  digeft  it  for  fome  time  with  a  little 
vinegar,  by  a  moderate  heat,  in  order  that  it  may  depo- 
fite  the  blue  matter  which  it  contains.     Such  were  the 
refults  of  Macquer's  ingenious  experiments  on  PrufHan 
blue  ;  but  that  celebrated  chemifl  was  himfelf  very  fen- 
fible  of  what  was  wanting,  more  efpecially  to  explain 
the  nature  of  the  colouring  fubftance.     He  could  not  be 
perfuaded  to  confider  that  fubilance  as  pure  phlogifton ; 
for  he  could  not  conceive  how,  as  i^  pretended  in  this 
hypothefis,  iron,  fuperfaturated  with  the  phlogiftic  prin- 
ciple, could  all  at  once  lofe  both  the  property  of  obeyr 
ing  the  attraction  of  the  loaddone,  and  that  of  being  fo- 
luble  in  acids,  which,  according  to  Stahl,  this   metal 
owes  to  its  containing  phlogiflon.     M.  de  Morveau,  in 
his  excellent  dilTcrtation  on  phlogifton,  has   made  the 
firll  attempt  to  determine  the  nature  of  the  colouring 
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part  of  Pruifian  blue.  He  obtained,  by  dillilllng  two 
drachms  of  this  compoundy  twenty-two  grains  of  a  yeU 
low  empyreumatic  liquor,  which  effervefced  with  alka- 
line carbonates,  and  communicated  an  high  red  colour 
to  blue  paper,  but  has  not  been  once  mentioned  by 
Geoffiroy  or  Macquer,  though  they  likewife  didilled 
Pm/Ean  blue. 

M.  Sage,,  in  the  year  1772,  fent  to  the  Eleftoral  Aca- 
(femy  of  Mayence,  a  Memoir  on  pblogijiicaied  alkaViy  ia 
whidi  he  calls  it  animal  fait.  The  lixivium  of  fixed 
alkali,  treated  with  blood,  and  faturated  by  digeflion 
on  Pruflian  blue,  as  directed  by  Macquer,  is,  according 
to  M.  Sage,  a  neutral  fait,  formed  by  the  animal  acid 
with  fixed  alkali.  It  affords,  by  fenfible  eiraporatioa, 
cubic  cryflals,  either  odohaedral,  or  in  prifms  with  four 
faces,  terminating  in  pyramids  having  the  fame  num- 
ber of  fides.  This  fait  decrepitates  on  coals :  by  a 
violent  heat,  it  melts  into  a  femi-tranfparent  mafs,  foluble 
in  water,  and  proper  for  making  PruiQan  blue.  M. 
Sage  thinks,  that  it  is  the  phofphoric  acid  which  neu- 
tralizes the  alkali  in  this  neutral  fait;  becaufe,  when  the 
mixture  of  alkali  with  bullock's  blood  is  made  very 
^ot,  it  melts,  and  exhales  an  acrid  vapour,  attended  with 
white  brilliant  fparks,  which,  in  his  opinion,  are  nothing 
but  phofphorus  in  flame:  lliis  opinion  concerning  the 
nature  of  the  acid  of  the  Pruflian  alkali  would  be  efta- 
blifhed  as  a  certain  truth,  if,  on  the  one  hand,  it  afford- 
ed phofphorus  when  dL^illed  with  coal,  a  pbscnome- 
aon  which  in  that  cafe  Pruifian  blue  might  likewife 
exhibit ;  and  if,  on  the  other  hand,  Pruflian  blue  could 
be  formed  by  combining  phofphate  of  potafh,  or  fed  a, 
yiih  a  folution  of  iron.    But,  as  M.  Sage  bias  given  no 
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experiments  to  lhi$  parpofe  in  bis  Memoir^  bis  theoqf 
cannot  be  admitted. 

The  chemifts  of  tbe  Academy  of  Dijon  have,  in  their 
Elements,  adopted  a  part  of  this  lafl:  do£lrine ;  They 
confider  the  fblogi/iicaied  lixivium  as  a  neutral  falt^ 
They  recommend  cryftallizing  it  by  evaporation,  in  pre^ 
ference  to  purifying  it  by  vinegar,  as  has  been  propo^ 
fed  by  M.  Baume.  lliis  ialt^  according  to  them,  is  very 
pure  ;  when  ca(t  on  nitre  in  fuiion,  it  caufes  it  to  der 
tonize.  They  fay  nothing  of  its  decompofition,  or  tbe 
pature  of  it3  principles ;  they  call  it  cryftadli^ed  Fruf», 
^an  alkaJit 

Bucquet,  on  precipitating  with  muriatic  acid,  and  a& 
terward^  filtrating  a  lixivium  prepared  for  PruiEan  blue, 
obferved,  that  the  alkali,  though  apparently  pure  after 
(his  operation,  aiid  without  any  appearance  of  Frui&an 
t)lue,  yet  depofited  a  blue  powder.  After  filtrating  it 
above  twenty  tinier  in  the  fpace  of  two  years,  in  order 
to  fep^rate  the  blue  precipitated  after  each  filtration,  h^ 
^t  length  found  the  liquor  to  be  no  longer  capable  of 
forming  Pf  uiUan  blue  with  the  folution  of  fulphate  of 
iron.  I  have  kept  by  me  for  more  than  eight  years,  a 
fmall  portion  of  this  lixivium ;  during  the  two  laft  of 
thefe  years,  it  has  given  no  precipitate,  but  has  depofit- 
ed a  light  bluiih  coating  on  the  fides  of  the  phial,  an4 
has  maintained  the  fame  colour.  I  have  had  occafioa 
to  obferve  this  phaenomenon  twice  fince  I  heard  Bucquet 
mention  it  in  his  le^ures  :  and  I  believe  it  p  be  inva*« 
riable.  The  Duke  de  Chaulnes  fhowed  Macquer  a  C(^ 
louring  lixivium,  which,  on  being  previoufly  mixed  with 
an  acid,  became  incapable  of  affording  Pruffian  blttO». 
Ths^t  chemift  thinks,  that  t}i^  ii^iyiiiip  which  Q^^biil 
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this  pfasaomenoii  muft  have  been  prepared  In  metal 
TeffiJs.  Bucquet  concluded  from  the  fads  which  he 
k  abo?e  mentioned  to  have  obferved,  1 .  That  the  Pruf-  * 
fia  Une  is  entirely  contained  in  the  alkali  employed 
to  precipitate  the  fulphate  of  iron  ;  2.  That  acids  alone 
ire  fufficient  to  feparate  the  alkali :  3.  That  when  this 
alkali  has,  in  the  courfe  of  a  certain  time,  depofited 
ali  die  colouring  matter  which  it  contained,  it  is  ho 
koger  fit  for  affording  Pruilian  blue. 

The  Journal  de  Pbyjiquej   for  the  month  of  April 
1778,  contains   obfervations  on  Pruffian  blue,  by  M« 
Baunach,  apothecary  at  Met:»,  which  contribute  greatly 
to  fupport  Bucquet's  opinion.    After  defcribing  the 
procefs  of  the  German  manufadories  for  preparing 
Pruffian  blue,  M.  Baunach  affirms,   that  the  lixivium 
prepared  in  thofe  manu&dories  by  the  fufion  of  alkali, 
lod  the  hoofs,  horns,  and  hides  of  cattle,  caufes  all  me- 
tals, and  even  calcareous  earth,  to  yield  a  blue  precipi- 
tate.   This  alkali,  after  precipitating  metals,  diflblves 
them ;  and  they  may  be  feparated  by  the  muriatic  acid, 
«4ien  they  will   difplay  a  very  beautiful  blue  colour. 
The  fingular  fads  related  in  that  Memoir,  fuch  as  the 
difUllation  of  the  Pruffian  blue  produced  by  this  lixi* 
vium,  which  affords  neither  oil  nor  ammoniac  ;  the  fo« 
lability  of  the  blue  precipitate  formed  when  muriatic 
acid  is  poured  on  this  lixivium  in  nitric  acid ;  the  cir- 
cumftance  of  calcareous  earth  being  found  in  the  nitric 
add  vdiich  has  deflroyed  the  blue ;  and  the  exiflence 
of  a  peculiar  phlogiflicated  earth  in  it  which  he  could 
net  diffirfve ;  thefe  fads,  taken  together,  feem  to  fugged, 
Aal  diis  Mne  b  sot  of  the  fame  nature  with  that  which 
UffW^fiX9& %Qm  i  imon  phlogiflicated  ILxinum, 
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-which  Macquer  found  to  contain  Iron,  and  which  can 
be  producedjonly  from  blood. 

Since  thefe  experiments  on  Pruflian  blue,  Scheele  has 
made  a  new  feries  of  refearches  on  the  nature  of  this 
compofition,  which,  together  with  fome  obfervations  of 
which  I  have  not  yet  fpoken,  throw  much  new  light  on 
^ts  nature. 

1,  Common  Pruflian  blue,  diftilled  by  naked  fire,  af- 
fords a  very  large  quantity  of  hydrogenous  gas,  toge- 
ther with  oil,  ammoniacal  carbonate,  and  a  little  acid 
phlegm.  This  gas  burns  with  a  blue  colour,  like  that 
which  rifes  from  marihes ;  its  fmell  is  empyreumaric : 
lime-water  communicates  to  it  the  property  of  burning 
with  a  red  flame,  and  detonizing  in  the  air,  for  it  abforbs 
from  the  lime-water  part  of  its  carbonic  acid.  M.  de 
)L.a{rone  has  confidered  the  gas  of  Pruflian  blue  as  a  pe- 
culiar inflammable  gas^  ^  Pruflian  blue,  after  this  analy- 
fis,  is  in  the  form  of  a  blackiflx  powder,  fubjed  to  the  at- 
traction of  the  loadftone.  M.  de  Morveau  has  obferved^ 
that  it  becomes  orange  before  taking  this  colour.  He 
is  even  of  opinion,  that  Pruflian  blue,  converted  by  heat 
to  orange,  might  be  advantageoufly  employed  in  paint- 
ing. 

2,  Ammoniac  heated  above  Pruflian  blue  decompofes 
it  by  feizing  on  the  colouring  matter,  and  leaving  the 
iron  in  the  ftate  of  brown  oxide.  Macquer  made  this 
fa6l  known  in  the  year  1752.  Meyer,  following  him, 
has  given  the  name  of  tinging  liquor  to  this  volatile  alkali 
faturated  with  blue  colouring  matter,  and  recommends 
the  ufe  of  it  in  analyfing  mineral  waters.  I  have  obfer- 
yed,  that  when  cauflic  ammoniac  is  diftilled  on  Pruflian 
]blue,  the  liquor  which  pafles  does  not  give  a  blue  colour 
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to  foludons  of  iron  ;  from  \('hich  it  follows,  that  the  co« 
Icoring  matter  is  not  fo  volatile  as  ammoniac.  When 
only  a  part  of  this  fait  is  extra£led  by  diilillation,  the  re* 
bdue  is  of  an  olive  green  colour  t  on  diluting  it  in  dif- 
tilled  water,  and  filtrating  the  liquor,  it  is  found  to  have 
impregnated  the  water  with  colouring  matter  ;  and  it 
accordingly  affords  a  very  lively  Pruffian  blue  with  ful- 
phate  of  iron. 

3.  In  the  year  1780, 1  difcovered,  that  when  lime-wa- 
tcris  digefled  on  Pruflian  blue,  it  diffolves  the  colouring 
matter,  if  aiEfled  with  a  little  heat.     The  combination  is 
very  rapid  :    the  lime-water  acquires  a  colour,  and  the 
Pruffian  blue  takes  the  appearance  of  ruft.     This  lime- 
water,  when  filtrated,  is  of  a  fine  bright  yellow  colour  ; 
It  does  not  turn  fyrup  of  violets  green  ;  it  has  not  an  aU 
kaline  tafte,  and  is  not  precipitated  by  the  carbonic  acid  ; 
it  does  not  combine  with  other  acids :    in  a  word,  it  is 
neatralized  by  the  Prudian  colouring  matter  ;  aiul  when 
poured  on  a  folution  of  fulphate  of  iron,  it  affords  a  fine 
blae,  which  does  not  .need  to  be  brightened  by  an  acid. 
Scbeele  has  .mentioned  this  PruHian  lime-water,  without 
knowing  any  thing  of  my  experiments ;  notwithilanding 
of  my  having  given  an  account  of  the  refult  in  my  Ele- 
ments of  Chemiftry,  printed  in  the  year  1781.     He  is  of 
the  fame  opinion  with  me,  that  this  combination  is  the 
very  bed  that  has  been  propofed  for  determining  the  pre- 
fcnce  of  iron ;  becaufe  it  contains  either  none,  or  at  leaft 
very  little,  Pruffian  blue  completely  formed. 

j.Thecauftic  fixed  alkalis  inftantaneoufly  deftroy,  in 
the  colfl,  the  colour  of  Pruflian  blue,  I  have  obfer- 
Ted  that  a  pretty  lively  heat  is  produced  on  this  occafion  ; 
(hat  the  alkalis,  when  pure,  difcolour  much  more  Pruf- 
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fian  blue,  than  when  faturated  with  carbonie  acid  ;  an&. 
that  they  aflbrd  much  more  blue  with  folutions  of  iron^. 
when  pure,  than  when  carbonated. 

6.  I  found  magnefia  likewife  to  poflefs  the  property 
of  difcolouring  Pruffian  blue,  but  not  in  fo  eminent  a. 
degree  as  lime. 

7.  Pruilian  blue  in  powder,  if  cad  on  nitre  in  fufion^ 
produces  fome  fparks  ;  from  which  we*  may  infer,  that 
it  contains  a  combuflible  matter. 

8.  Pruflian  blue,  prepared  without  alum,  becomes,  in  a 
high  degree,  fubjeft  to  the  attraction  of  the  loadflone, 
on  being  flightly  calcined ;  but  common  Pruilian  blue 
never  acquires  this  property  by  the  aftion  of  fire. 

9.  Pruilian  blue  difcoloured  by  alkaline  matters,  and 
in  the  ftate  of  oxide  of  iron,  regains  a  part  of  its  blue 
colour  if  an  acid  be  poured  into  it.  The  caufe  of  this 
phaenomenon  feems  to  be,  that  all  the  colouring  matter 
has  not  been  carried  off  by  the  firft  a£Uon  of  the  alkalis ; 
and  a  portion  is  ftill  retained  among  the  particles  of  the 
oxide  of  iron. 

All  thefc  fafts  fhow,  that  the  colouring  part  of  Pruf- 
fian  blue  ads  as  a  peculiar  acid,^which  faturates  alkalis, 
thereby  forming  neutral  falts.  This  is  the  opinion  of  a 
great  many  chemifts,  particularly  of  Schcele,  whofe  re- 
fearches  on  this  matter  I  am  now  to  give  fome  account 
of.  That  celebrated  chemift  has  fhown  by  his  experi- 
ments, I.  That  the  lixivium  of  blood,  or  phlogiftica* 
ted  alkali,  is  decompofed  by  the  carbonic  acid  of  the 
atmofphere  j  and  that  ail  other  acids  feparate  from  it  the 
colouring  part.  2.  That  this  colouring  part  is  fixed, 
and  retained  in  the  lixivium,  by  a  fmall  quantity  of  pure 
iron,  or  fulphate  of  iron.     3.  That  when  it  is  difengaged 

by 
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by  addsy  by  means  of  diftillation,  it  "fills  the  ballooDS  with 
1  lapoor  which  makes  iblutioes  of  iron  to  yield  a  blue 
predfHtate.    4*  That  when  Prui&an  blue,  or  the  lixivium 
of  blood,  IS  diftiUed  entirely,  it  affords,  together  with 
tbe  colouring  matter,  other  produ&s  which  alter  this 
aattsr,  fuch  as  folphur ;  and  that  therefore  the  colour- 
ing matter  cannot  be  obtained  pure  by  this  procels.     $. 
Hat  Profliafi  alkalis,  diftilled  with  fulphuric  aeid^  pre- 
qxiate  a  good  deal  of  Pruiiian  blue^  and  afford  a  liquor 
iapregnated  with  the  colouring  matter :  the  blue  preci«* 
pbted  in  this  operation  depends  on  the  iron  diffolved  inr 
tfaefe  triple  falts,  or  compounds  of  alkali,  colouring  mat- 
ter and  iron.     6.  That  oxide  of  mercury,  or  red  preci- 
picaie,  carries  off-  the  colouring  matter  of  Pruffian  blue 
l)y  ebullition,  in  a  quantity  of  water  equal  to  twice  the 
ve^fat  of  the  two  fubftances  ;  and  that  by  diftilling  this 
mercnrial  Pruffian  lixivium  with  iron  and  fulphuric  add, 
ti^  iron  reduces  the  mercury  after  the  acid  has  difenga- 
ged  the  colouring  part :  the  colouring  matter  being  dif- 
iblved  in  the  water  of  the  receiver  as  faft  as  it  is  difengi- 
g^  retains  a  portion  of  fulphuric  acid ;  to  feparate  it, 
$cbeele  mixes  a  little  chalk  with  the  colour,  and  diftils 
it  by  a  moderate  fire ;  the  colouring  matter  then  paffes 
very  pure  into  the  receiver  :  and  as  it  is  difengaged  in 
tbe  ftate  of  an  elaflic  fluid,  according  to  what  has  been 
ofaferved  by  M.  Monge,  it  may  be  received  and  diffol- 
ved  in  water  with  the  tubes  and  the  apparatus  which  we 
have  already  repeatedly  defcribed. 

After  thefe  experiments  on  the  affinities  of  tbe  Pruf- 
fian colouring  matter,  its  obftinate  adhefion  to  alkalis, 
and  the  means  for  obtaining  it  perfedly  pure,  Scheele,  in 
afecond  Memoir,  examines  into  the  nature  of  this  fufair 
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fiance,  and  its  combinations  with  alkalis  and  metallic 
oxides.     Although  his  experiments  are  numerous,  and 
very  accurate,  Scheele  does  not  prove  in  this  Memoi]r 
that  the  Pruffian  colouring  matter  is  a  peculiar  acid  :  On 
the  contrary,  he  endeavours  to  (how,  that  it  contains  in- 
flammable gas,  ammoniac,  and  a  carbonaceous  principle. 
He  acknowledges,  however,  that  it  renders  a  folution  of 
foap  tuit>id,  and  precipitates  hepars^  or  alkaline  fulphures; 
and,  in  a  letter  to  M.  Crell,  he  calls  it  the  colouring  acid. 
We  give  this  fubftance  the  name  of  the  Prufftc  acid^  and 
call  its  ftline  combinations  Prujiaics  of  potafh^  foda^ 
ammoniac,  &c.     In  a  note  by  the  tranflator  of  Scheele^ 
this  acid  is  faid  to  be  decompofable  by  the  acid  of  nitre  j 
and  a  procefs  of  M.  Weftrumb*s  is  likewife  given  for  ob- 
taining Pruffiate  of  potafli  very  pure.     It  confifts   in  fa- 
turating  cauftic  potafh  with  colouring  matter,  digefling 
it  over  white  lead,  to  purify  it  from  any  hepatic  gas  which 
it  may  contain,  mixing  it  with  diflilled  vinegar,  expo- 
fmg  it  to  the  fun,  as  directed  by  M.  Scopoli  and  Father 
Bercia,  in  order  to  precipitate  the  iron  entirely,  and  add* 
ing  to  it  two  parts  of  reftified  alcohol.     The  Prufliate  of 
potafli  is  then  depofited  in  bright  lamellated  flakes^  wafli- 
cd  with  a  new  quantity  of  fpirit  of  wine,  dried,  and  dif- 
folved  in  diftilled  water.   Dr  Crell  fays,  that  Scheele  fent 
him,  three  months   after  M.  Weflrumb,  an  analagous 
procefs  for  obtaining  a  teft  liquor,  the  purity  of  which 
•might  be  depended  upon,  to  afcertain  the  prefence  of  iroA 
on  any  occafion. 

The  Pruflic  acid,  or  the  colouring  matter  of  Pruflian 
blue,  has  likewife  engaged  M.  Berthollet's  attention,  who 
has  made  dill  later  experiments  upon  it  than  any  of  the 
above-mentioned  chemifts.     Though  this  able  philofo- 
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pber  is  not  yet  fully  fatisfied  with  his  rcfearches  on  this 
matter,  they  contain,  however,  a  good  many  new  fads 
and  experiments,  of  fuch  confequence  as  to  render  it 
proper  for  us  to  give  here  an  extrad  from  his  Memoir, 
whidihe  has  obligingly  communicated. 

M.  BerthoUet  firft*  obferves,  that  there  are  two  kinds 
of  ftulliate  of  iron  ;  the  one  common  Pruflian  blue,  the 
odier  Pruflian  blue  that  has  loft  a  part  of  the  acM  which 
itpoflefTes  in  its  ordinary  (late.   The  lad  of  thefe  he  calls 
Pntffiate  cfiron  with  excefs  of  oxide.    Pruflian  blue  is  in 
this  ftate,  after  being  difcoloured  by  an  alkali.     To  fepa* 
rate  this  excefs  of  oxide,  he  employs  the  muriatic  acid, 
irtiich  diflblves  it,  leaving  the  Prufliate  of  iron  in  a  neu- 
tral fhte.     He  obferves,  with  M.  Landriani,  that  when 
aikali  is  digefled  hot  on  PrufEan  blue,  the  alkaline  Pruf- 
fiate  then  formed,  diflblves  more  oxide  of  iron  than  if 
the  digeflion  had  been  performed  with  cold.  Both  of  thefe 
diemifls  are  of  opinion,  that  an  acid  added  to  this,  triple 
combination  combines  with  the  excefs  of  oxide  of  iron, 
and  produces  a  precipitate  of  Pruflian  blue,  juft  as  when 
RnfEate  of  potafh  is  mixed  with  a  folution  of  iron.  They 
£iy  alfo,  that  heat  caufes  this  combination  to  yield  a  yel- 
low Prufliate  of  iron,  that  is,  with  excefs  of  oxide  of 
iron«     According  to  them,  the  acid  added  feizes  the  ex- 
cefs of  oxide  of  iron,  and   the  Pruflian  blue  becoming 
then  lefs  foluble  in  the  alkaline  Pruf&ate,  is  of  confe- 
quence precipitated.     When  the  Pruf&ate  of  potafh,  pre- 
pared by  a  moderate  heat,  has  depofited  the  PrufEate  of 

iron  with  excefs  of  oxide  of  iron,  by  ebullition,  it  may 
then  be  evaporated  to  drynefs,  dlflblved  again  in  water 

and  mixed  with  acids ;  but  will  not,  by  any  of  thefe  ex- 

pedients^  be  brought  to  depofite  Pruflian  blue.  M.  Ber- 


48  Of  Iron. 

tholkt  fays,  that  by  evaporating  the  folution  of  t'raffiate 
of  potaih  thus  purified^  o&ahsedral  cryftals  are  obtaia^d 
'with  two  pyramids  truncated,  fo  as  to  reprefent  fquare 
plates  with  their  edges  cut  Hoping. 

This  chemift,  on  mixing  a  folution  of  thefe^  cryftals 
with  fulpbuTic  acid,  and  expofing  the  mixture  in  a  phial 
to  the  rays  of  the  fun,  obferved,  that  in  a  ihort  titbe  a 
blue  colouring  matter  began  to  appear,  and  was  gra» 
dually  precipitated  till  the  mixture  was  entirely  decom^ 
pofed;  A  mixture  of  the  fame  kind,  preferved  in  a  dark 
place,  does  not  become  blue,  nor  yield  a  precipitate^ 
even  though  fuffered  to  (land  untouched  for  a  number 
of  months.  A  (trong  heat  produces  abfolutely  the  fame 
efied.  From  thefe  experiments,  M.  BerthoUet  fhowi 
how  inaccurate  the  principles  on  which  the  procefies  re- 
commended for  purifying  alkaline  Pruifiates  were  founds 
ed«  For,  fays  he,  inftead  of  purifying  them  of  a  portioft 
of  Pruflian  blue,  which  chemids  pretended  to  be  only 
accideattilly  mixed  in  them,  they  decompofed  mod  part 
of  the  matter  which  they  attempted  to  purify.  As  Pi-uf- 
fiate  of  potaih  is  a  triple  fair,  the  Pruffic  acid  has  but  t 
very  faint  difpofition  to  adhere  with  pdtaih,  and  may  be 
feparate^  from  it  by  any  other  add.  When  the  extra- 
neous  4cid  combines  with  the  potafli,  one  part  of  the 
Pruffiii  acid  combines  with  the  oxide  of  iron,  to  form 
PruiGaki  blue,  and  the  other  is  either  volatilized  in  the 
the  ftate  of  acid,  or  reduced  to  its  principles. 

The  iron  precipitated  by  alkaline  Prufliates  retaias^ 
according  to  M.  BerthoUet,  no  fmall  portion  of  tlKrfe 
falts  J  by  repeating  waftiing,  it  may  be  purified  of  them  x 
thefe  lixiviums  contain  alkalis  combined  with  a  btttSL 
portion  of  PrufCc  acid ;  and  the  Pruifiates  withezceb  of ' 
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dkdi  are  not  feparated  till  after  the  excefs  of  acid  con- 
tained in  the  folution  of  iron  is  carried  off  by  the  firft 
vafliings ;  for  the  latter  wa(hings  precipitate  the  iron  in 
the  ftate  of  blue  from  its  folutions,  which  the  firft  do 
not 

The  only  difcemible  difference  which  he  has  found 
between  Pruffiate  of  potafh  and  Pruffiate  of  foda  is^  that 
the  latter  cryftallizes  differently  from  the  former.     Mi- 
neral adds  difengage  the  Pruific  acid,  which  is  in  part 
fixed  in  the  Pruflian  blue  that  is  precipitated.    This  led 
Scheele  to  think  of  another  combination,  from  which  he 
might,  with  greater  facility,  obtain  this  acid  pure,  on 
which  M.  BerthoUet  has  made  fome  obfervations.     This 
procefs,  as  we  have  already  mentioned,  confifts  in  boil- 
ing red  oxide  of  mercury  with  Pruflian  blue  and  diftil- 
led  water.     The  Pruflic  acid  then  forfakes  the  oxide  of 
iron,  to  unite  with  the  oxide  of  mercury,  with  which  it 
has  a  (Ironger  affinity,  and  forms  a  foluble  fait,  which 
cryftallizes  in  tetrahxdral  prifms,  terminating  in  quad- 
rangular pyramids,  the  fides  of  which  correfpond  to  thofe 
(tf  the  prilms.     To  this  lixivium,  after  filtrating  it,  iron 
and  concentrated  fulphuric  acid  are  to  be  added  ;  the 
iron  unites  with  the  oxigene  of  the  mercury,  and  after- 
wards combines  with  the  fulphuric  acid ;  the  mercury  is 
precipitated  in  a  metallic  ftate,  as  appears  from  its  luftre. 
Scheele  next  diftilled  this  mixture  by  a  moderate  heat, 
that  he  might  volatilize  only  the  Pruflic  acid ;  but  he  obfer- 
Tcd,  that,  however  moderate  the  heat  which  he  employed, 
the  Pruflic  was  always  mixed  with  a  little  fulphuric  acid. 
To  prevent  this,  he  added  to  the  mixture  a  certain  quan- 
tity of  chalk,  to  fix  the  fulphuric  acid.     Concerning  this 
addition,  M.  BerthoUet  has  obfervedy  that,  as  Scheele 
Vox..  IIL  D  Vi^^ 
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has  not  fpecified  the  quantity,  this  operation  might  very 
cafily  mifcarry,  if  the  chalk  were  ever  fo  little  abore 
vhat  is  fufHcient.  to  faturate  the  fulphirric  acid :  for  caU 
carebus  PrufTiate  mud  then  be  formed,  which,  by  the 
law  of  double  affinities,  would  decompofe  the  fulphate 
of  iron. 

M.  Berthollet  has  obferved,  that  the  fulphuric  acid 
difengages  but  a  fmall  portion  of  acid  from  Pruffiate  of 
mercury ;  and  that  it  combines  with  the  greateft  part  of 
that  fait,  without  decompbfmg  it,  thus  forming  at  triple 
fait,  which  cryftalUzes  in  fmall  needles.  According  to 
his  experiments,  the  muriatic  acid  difengages  more  of 
the  acid  of  Pruffiate  of  mercury  than  the  fulphuric  acid 
does ;  forming,  like  it,  a  triple  (alt  cryftallizabic  in 
needles,  and  much  more  foluble  than  corrofive  mercQ» 
rial  muriate.  Alkalis  and  lime  caufe  this  triple  fait  to 
yield  a  white  precipitate.  M.  Berthollet  proves,  that  al- 
kaline Pruffiates  do  not  precipitate  barytes  from  its  fo- 
lutions,  as  Bergman  thought,  but  join  with  the  folution 
to  form  triple  falts  :  he  fhows  that  they  precipitate  alu- 
minous earth.  The  precipitate  which  they  form  with 
this  fubftance  fuffers  no  alteration  from  the  fulphuric 
acid  ;  but  when  digefted  with  fulphate  of  iron,  it  forms 
Pruffian  blue. 

The  Pruffic  acid  decompofes  the  oxigenated  muriatic 
acid,  and  by  obforbing  its  oxigene,  becomes  odorous. 
In  this  (late  it  does  not  feem  to  have  any  great  tendea* 
cy  to  unite  with  alkaline  fubflances  ;  for  they  fcarcc 
render  its  fmell  weaker.  It  no  longer  caufes  folu- 
tions  of  iron  to  yield  a  blue,  but  a  green  precipi- 
tate. The  contaft  of  the  rays  cf  the  fun  renders  it  blue 
again ;  iron  and  fulpbureous  acid  produce  the  fame  ef- 
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fed  upon  it.  The  fame  phsnomena  appear  when  oxi- 
genated  muriatic  acid,  fulphate  of  iron,  and  Pruffiate  of 
poGiih,  are  mixed  together.  M.  Berthollet  concludes 
6om  this,  that  Prui&an  blue  is  liable  to  no  alteration,  ei* 
dier  from  light  or  from  the  fulpureous  acid,  and  that  it 
oves  its  green  colour,  folubility  in  acids,  &c.  to  its  ha« 
mg  abfiitbed  oxigene. 

tf.the  Pmffic  acid  be  fuperfaturated  with  oxigenated 
Bnriadc  acid,  and  after  that  expofed  to  the  rays  of  light, 
it  dfomet  new  charaderiftic  properties.     It  no  longer 
tonhines  either  with  oxide  of  iron,  or  with  water ;  but 
ii  foond  precipitated  to  the  bottom  of  either  of  thefe 
Uqoon,  in  the  form  of  oil,  with  an  aromatic  fmell.  If  more 
osigaie  be  added  to  it  when  in  this  ftate,  and  it  be 
ncMT  let  expofed  to  the  fun,  it  cryfiallizes  in  fmall  white 
needles.    This  add,  thus  oxigenated,.  is  reduced  to  va- 
pours by  a  moderate  heat ;  thefe  vapours  are  neither  fo- 
iiibie  in  water  nor  combuftible.    M.  Berthollet  has  not 
yet  been  able  to  determine  what  pafles  in  this  operation. 
b  Ae  Pruflic  acid  fimply  united  with  oxigene,  without 
foSeriog  any  alteration  ?  or  is  there  one  of  its  principles 
burnt  ?  I  am  rather  inclined  to  agree  with  him  in  adopt- 
11^  the  laft  of  thefe  ideas :  For  though  oxigene  appears 
to  adhere  bat  feebly  to  the  Pruflic  acid,  yet  the  Pruilk 
add  can  no  longer  be  reftored  to  its  originial  ftate,  after 
bdi^  treated  in  this  manner  with  the  oxigenated  muria- 
tic add. 

The  Pruflic  acid  prepared  for  formmg  a  green  preci- 
pitate with  iron,  by  means  of  the  oxigenated  muriatic 
add,  forms  ammoniac  whenever  lime  or  an  alkali  is  mix- 
ed wkh  it.  Though  an  acid  be  poured  into  this  laft  mix- 
ture, yet  it  does  not  regain  the  peculiar  odour  of  the 
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Pruilic  acid ;  from  which  M*  Berthollet  concludes  it  to 
have  been  deftroyed  by  the  mixture  of  the  alkaline^  or 
calcareous  fubftance.  Although  the  potaih  employed 
were  perfeftly  pure,  yet  an  acid  poured  in  after  it, 
produces  an  eflfervefcence,  and  difengages  carbonic  a> 
old. 

From  all  thefe  experiments,  M.  Berthollet  concludes, 
that  azote,  hydrogene,  and  the  pure  coaly  principle, 
combined  in  proportions,  and  condenfed  to  a  degree 
fiill  unknown,  form  what  is  called  the  Pruffic  acid. 
The  knowledge  of  this  compofition  enables  us  to  un« 
derftand  how  the  Pruffic  acid  comes  to  be  formed  in 
animal  matters,  in  certain  vegetable  fubdances,  and  in 
ammoniacal  muriate  contaminated  with  charcoal.  It 
explains  likewife  the  reafon  why  this  acid  is  fo  combu* 
ftible,  and  detonizes  with  fuch  force  with  various  ni- 
trates, why  it  affords  ammoniacal  carbonate  by  diftilla- 
tion,  and  why  the  fame  fait  is  formed  in  it  on  the  ad- 
dition of  oxigenated  muriatic  acid.  M.  Berthollet  doubts 
if  this  fmgular  combination  contains  oxigene.  At  lead, 
fays  he,  if  the  Pruffic  acid  do  contain  oxigene,  it  con- 
tains fo  very  little,  that  the  carbonaceous  matter  is  not 
entirely  reduced  by  it  to  carbonic  acid ;  for  Pruffian 
blue  affords,  by  diftillation,  a  good  deal  of  carbonated 
hydrogenous  gas. 

Such  are  the  fads  difcovered  by  M.  Berthollet.  By 
afcertaining  the  nature  of  the  colouring  matter  of  Pruffian 
blue,  he  has  proved  it  not  to  be  a  genuine  acid,  how- 
ever it  may  aft  as  an  acid  in  all  its  combinations.  M. 
Veftrumb  and  M.  Haffenfratz  have  found  in  Pruf- 
fian blue  a  little  phofphoric  acid.  But  the  lafl  of  thefe 
gentlemen  (hows  that  acid  not  to  be  effential  to  its  na- 
ture. 
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tttre,  M.  Vaquelin  and  I  have  lately  difcovered,  that 
die  Pniffic  acid  is  obtained  by  difUlling  the  urinary 
calcolns,  and  by  treating  many  vegetable  and  animal 
fiibftanccs  with  the  nitric  acid. 

Solj^te  of  iron  very  eafily  decompofes  nitre.    The 
decompofition  is  partly  owing  to  the  fulphuric  acid, 
viiich  by  combining  with  the  alkali  of  the  nitre,  expels 
the  nitric  acid ;  but  it  is  likewife  owing  in  a  great  mea« 
fore  to  the  re-aftion  of  the  iron  on  the  laft  mentioned 
add.    If  die  fulphate  of  iron  employed  to  decompofe 
aitre  be  fcarcely  dry,  a  large  quantity  of  nitrous  acid  is 
dioi  obtained,  very  red  and  fuming :  the  reiidue,  oa 
bong  lixiviated,  affords  fulphate  of  potafli,  fixed  alkali, 
and  red  oxide  of  iron,  remaining  on  the  filters.    But  if 
die  fulphate  of  iron  have  been  well  calcined,  and  the 
aitre  melted,  the  produd  obtained  will  then  be  very 
feanty.    This  produd  confifts  of  two  liquors ;  one  of 
which  being  of  a  dark  colour,  almoft  black  indeed, 
iWims  on  the  fur&ce  of  the  other,  which  is  red  and  pon- 
derous, lOte  oil  above  water.     Accordingly,  M.  Baume 
confiders  this  liquor  as  a  kind  of  oil.    There  afterwards 
pafles  into  the  neck  of  the  retort  a  white  faline  mafs, 
which  attrads  the  moifture  of  the  atmoTphere,  and  is 
^)eedily  diflblved  in  water  with  heat,  exhaling  at  the  time 
a  ftraog  fineil  of  fpirit  of  nitre,  and  very  thick  red  va« 
pours.     This  folution,  when  faturated  with  potaih,  af^ 
fords  fulphate  of  potaflu    The  white  mafs  is  therefore 
poching  but  fulphuric  acid,  rendered  concrete  by  a  por- 
tion of  nitrous  gas. 

There  appears  to  be  no  difference  between  the  heavy 
liquor  in  the  balloon,  and  fpirit  of  nitre  obtained  in 
Olauber's  way.    But  the  light  liquor  that  fwin 
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on  being  mixed  with  fulphuric  acid,  produces  a  lively 
effervefcence,  and  even  a  dangerous  explofion*    Almofi 
the  whole  of  the  nitrous  acid  is  diflipated,  and  the  ful- 
phuric acid  takes  a  concrete  cryftalline  form.     Bucquet, 
who   communicated  this  difcovery    to  the  Academy, 
had  at  firfl:  obferved,  that  this  concrete  acid,  obtained 
by  diftillation,  exhales  red  nitrous  vapours  when  difibU 
ved  in  water.     He  inferred,  that  the  folidity  of  the  acid 
muft  be  owing  to  its  containing  nitrous  gas.     But  to 
determine  this  with  greater  certainty,  he  attempted  to 
mix    the  blackifh   brown   nitrous  acid,  which  fwimg 
above  the  red,  with  fulphuric  acid  highly  concentra- 
ted.    But  at  the  very  inflant  of  the  mixture,  fo  rapid  a 
motiop  took  place,  that  the  fpirit  of  nitre  poured  on  the 
fulphuric  acid  was  expelled  with  noife  to  a  great  di« 
ilance ;  and  the  perfon  who  made  the  mixture  was  co« 
vered  all  over  with  fulphuric  acid ;  and  there  imme- 
diately appeared  on  his  countenance  a  great  many  red 
inflamed  pimples,  which  fuppurated  like  the  fmall-pox* 
The  fulphuric  acid  became  foon  after  concrete,  precifct 
ly  like  that  obtained  by  diftillation,  of  which  we  have 
given  the  hiftory.     From  this  faft,  it  appears,  that  this 
acid  may  be  rendered  concrete,  as  well  by  nitrous  as  by 
fulphureous  gas. 

The  refidue  remaining  after  the  diftillation  of  nitre  by 
fulphate  of  iron  calcined  to  rednefs,  is  nothing  but  fcoriie 
of  iron,  from  which  but  very  little  fulphate  of  potafli  can 
be  extrafted  by  wafhing. 

The  folution  of  fulphate  of  iron  fufFers  no  alteratloa 
from  hydrogenous  gas.  But  though  the  bafe  of  this 
elaftjp  fluid  appears  to  have  lefs  affinity  than  iron  with. 
oxigene,  as  has  been  fliown  Jn  the  hiftory  of  the  decom-- 

pofitioft. 
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pofition  of  water ;  yet  M.  Monnet  has  obfenred^  that 
hepalk  gas  coramiinicates  to  fulphuric  mother-water 
^die  pr<^rty  of  affording  cryftals :  And  Dr.  Prieftley  has^ 
reduced  brown  oxides  of  iron  by  the  contad  of  hydro- 
genous gas.    Thefe  fads  do  not  contradid;  our  doc^ 
trine:  they  rather  confirm  it.    In  fad^  iron  may  be 
dejmved  of  whatever  oxigene  it  contains  above  the  pro- 
portion of  0,28  by  the  adion  of  hydrogene  ;  but  this 
proportion  it  obftinately  retains,  however  attacked  by 
dot  principle.    Such  is  the  reafon  why,  in  thefe  inftan- 
c^s  of  redudion,  nothing  is  ever  obtained  but  a  black 
(udde,  or  martial  iEthiops,  and  why  iron  oxidated  by 
water  is  always  black. 

Alkaline  fulphures  precipitate  fulphate  of  iron  with  a 
bhckiih  colour.  Hiis  precipitate  is  a  kind  of  martial 
pptes,  or  fulphure  of  iron. 

The  nitric  acid  is  rapidly  decompofed  by  iron,  which 
^^g^g^  itoxxi  it  a  good  deal  of  nitrous  gas,  efpecial* 
lyifthe  acid  employed  be  concentrated,  and  the  iron  in 
a  ftate  of  divifion.  The  metal  is  fpeedily  calcined  by 
tbe  oxigene  which  it  attrads  from  the  acid  of  nitre ;  the 
ibladon  is  of  a  brown  red  colour ;  at  the  end  of  a  cer- 
^  time  it  is  found  to  have  depofited  oxide  of  iron, 
Specially  if  it  have  been  expofed  to  the  contad  of  air. 
On  inuneriing  into  it  a  new  quantity  of  iron,  the  add, 
as  has  been  obferved  by  Stahl,  diffolves  it,  and  the 
^^  of  iron,  which  it  held  in  folution,  is  inftantaneoufly 
Precipitated.  Tet  by  employing  weak  nitric  acid  and 
>n)a  in  fmall  pieces,  a  more  permanent  folution  may  be 
**toined, .  in  which  the  metal  adheres  with  more  obfti* 
^to  the  acid.  This  lad  combination  is  greenifb, 
^  ibmctimes  of  a  bright  yellow  colour.    Both  thefe 

D  4  folutions^ 
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folutions,  \(rhen  evaporated,  become  turbid,  and  depofito 
a  brown  red  martial  ochre.  But  if  the  latter  be  highly 
concentrated,  inilead  of  affording  cryftals,  it  takes  the 
confiftency  of  a  reddiOi  jelly,  in  part  foluble  in  water  } 
the  greateft  part,  however,  being  precipitated  on  fuch  an 
occafion.  On  continuing  tp  heat  nitrate  of  iron,  it 
gives  out  a  good  deal  of  red  vapours  \  and  the  magma, 
becoming  dry,  affords  a  brick-coloured  o^ide.  This 
magma,  when  diftilled  in  a  retort,  affords  a  fmall  quan- 
tity of  fuming  nitrous  acid,  a  good  deal  of  nitrous  gas, 
and  fome  azotic  gas.  There  can  be  no  vital  air  obtain- 
ed from  it,  becaufe  the  iron  retains  all  the  oxigene  of 
the  acid.  The  oxide  which  remains  after  the  diltilla* 
tion  of  nitrate  of  iron  is  of  a  lively  red  colour,  and 
would  make  a  fine  colouring  matter  for  painters,  &Ct 
The  nitrous  folution  of  iron,  however  highly  faturated, 
has  never,  on  any  occafion,  appeared  to  me  liable  to 
be  precipitated  by  diflilled  water.  The  alkalis  decom- 
pofe  it  with  phenomena  diverfified  according  to  their 
different  natures.  Cauftic  potafh  makes  it  yield  a  bright 
brown  precipitate:  the  mixture  affumes  very  fpeedily 
a  blackifh  brown  colour,  much  deeper  than  that  of  the 
former  folution.  The  caufe  of  this  phsenomena  is,  that 
a  portion,  though  a  very  fmall  one  indeed,  of  the  pre- 
cipitate is  diffolved  by  the  alkali.  Carbonate  of  potafli 
feparates  from  it  a  yellowifh  oxide,  which  very  foon 
takes  a  beautiful  orange  red  colour.  If  this  mixture 
be  flirred  in  proportion  as  the  effervefcence  takes  place, 
the  precipitate  is  again  diffolved  in  much  greater  abun- 
dance than  in  that  which  is  produced  by  cauflic  potafh. 
M.  Monnet  has  accurately  obferved  this  phacnomenon, 
and  he  afcribes  it  with  gopd  reafon  to  the  gas,  which  is 

difengaged. 
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difengaged.    This  folution  of  iron  by  fixed  alkali  bears 
the  name  of  Siabrs  alkaline  martial  iindure.   Its  colour  is 
a  very  beautiful  red.    M.  Baume  advifes  to  prepare  it 
wkh  a  nitrous  folution  of  iron,  containing  but  a  fmall 
portion  of  the  metaL    Stabl,  again,  recommended  an 
U^dy  (aturated  folution.     M.  Monnet  has  obferved, 
ibai  a  yellow  folution  affords  a  copious  precipitate, 
vhidi  is  fcarce  difTolved  again  in  alkali,  and  does  not 
colour  it  like  martial  tin^ure ;  whereas  a  v^ery  red  folu^p 
tioa  inftantaneoufly  forms  a  martial  tindure  with  the 
fame  alkalL    Stahl's  martial  tincture  lofes  its  colour  in 
a  certain  time,  and  depofites  the  oxide  of  iron  which  it 
contains.    It  may  be  decompofed  with  the  help  of  an 
add.    The  acid  of  nitre  feparates  from  it  a  red  brick- 
cobured  oxide,  which  is  foluble  in  acids,  and  is  called 
Stabrs  aperient  fqffron  of  Mars.    Pure  or  cauftic  ammo- 
luac  caufes  the  nitric  folution  of  iron  to  yield  an  almoft 
bbckiih  deep  green  precipitate.      Ammoniacal  carbo* 
Batediflblves  again  the  iron  which  it  feparates  from 
^  acid,  and  takes  a  red  colour  ftill  more  lively  than 
that  of  Stahl*s  tindure.     This  folution  of  iron  by  am- 
moniacal carbonate,  might  be  of  great  ufe  in  cafes  in 
^ch  there  is  need  both  of  a  powerful  tonic  and  an  ac« 
fire  difcuflive. 

I  have  never  been  able  to  obtain  more  than  a  very 
finall  quantity  of  genuine  Pruffian  blue  from  the  red, 
^ituratcd,  nitric  folution  of  iron,  by  alkali  faturated 
^  the  colouring  matter  of  that  compofition.  I  could 
^^tt  obtain  any  thing  but  a  blackifli  precipitate,  liable 
to  be  again  diffolved  by  the  muriatic  acid  ;  the  liquor, 
^  this  lad  event,  affumed  a  green  colour. 

M.  Maret,  fecretary  to  the  Academy  of  Diion,  has 
'^t  to  the  Royal  Society  of  Medicine,  a  pro 
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king  martial  JEthiofs  very  quickly.  It  confifts  in  pre- 
cipitating the  nitric  folution  of  iron  by  cauftic  ammo- 
niacy  and  in  wafhing  and  drying  the  precipitate  with- 
out lofs  of  time.  M.  d'Arcet,  who  was  employed  by 
the  Society  to  examine  M.  Maret's  procefs,  did  not 
uniformly  obtain  the  fame  refult.  In  my  Memoirs  on 
Precipitates  of  Iron,  I  have  determined  in  what  cafes 
M.  Maret's  procefs  mufl:  fucceed,  and  when  it  is  likely 
to  fail.  To  obtain  this  ^thiops,  it  is  requifite,  i.  That 
the  folution  of  iron  have  been  lately  formed,  and  that 
very  flowly,  of  weak  nitric  acid,  and  iron  fomewhat 
divided,  both  cold.  2.  That  the  ammoniac  be  recently 
prepared,  very  cauftic,  and,  above  all,  have  loft,  by 
ftanding  undifturbed  for  fome  time^  the  fmall  portion  of 
calcareous  earth,  and  blackifh  combuftible  matters, 
which  it  ufually  carries  up  from  the  fal  ammoniac  and 
lime,  if  it  be  not  eztraded  in  Woulfe's  apparatus. 
3 .  ITiat  the  precipitate  be  inftantly.  feparated  from  the 
liquor,  and  fpeedily  dried  in  clofe  veffels.  Even  when 
all  thefe  precautions  are  carefully  taken,  the  precipitate 
is  fometimes  not  very  black,  but  rather  of  a  light  brown 
colour.  It  rifes  in  fcales,  the  under  furface  of  which 
is  blackifh  ;  a  circumftance  which  proves^  that  the  con- 
tad  of  air  flightly  rufts  its  upper  furface.  I  have  ob- 
tained a  more  beautiful  and  permanent  JEtbiops^  by  pre- 
cipitating muriatic  and  acetous  folutions  of  iron  with 
fixed  alkali  and  cauftic  ammoniac  ;  wafhing  thefe  pre- 
cipitates fufticiently,  and  then  drying  them  fpeedily  in 
clofe  veffels.  Yet  I  am  of  opinion,  that  thefe  Mtbiops^ 
however  pure  they  may  be  fuppofed  to  be,  ftill  retain 
a  fmall  portion  of  their  precipitants  and  firft  folvents  ; 
as  has  been  obferved  by  M,  Bayen  of  the  precipitates  of 
mercury;  and  they  cannot  therefore  be  employed  in 

medicine 
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medidse  with  fo  much  certainty  as  thofe  which  I  have 

above  mentioned.     M»  d'Arcet,  in  his   Report  to  the 

Royal  Society  of  Medicine  concerning  M.  Maret's  pro- 

cds,  has  communicated  a  procels  of  M.  Crohare's,  for 

making  martial  Mibicps.      lliis  apothecary,    who    is 

known  by  a  number  of  judicious  chemical  operations, 

prepares  martial  Mtbiops  by  boiling  water  acidulated 

with  a  little  nitric  acid,  upon  iron  filings.     The  metal 

is  unmediately  flightly  oxidated,    and  affords  a  good 

deal  of  black  oxide,  or  martial  JEtbiops.     But  in  my  opi- 

nioD,  M.  Jofle's  procefs  is  preferable  to  all  of  thefe  ; 

it  is  eafily  performed^   and  is  attended  with  no  dan>- 

gcr. 

As  iron  is  often  ufed  in  procuring  nitrous  gas,  it  can- 
not be  improper  to  obferve  here,  that  the  nature  of  this 
gas  is  never  precifely  the  fame  on  two  occafions  ;  it  va- 
ries amazingly,  according  as  the  circumfiances  of  the 
fdudon  are  diverfified,  as  the  acid  contains  more  or  lefs 
a2xyte  and  ozigene,  as  the  iron  is  more  or  lefs  difpofed 
to  abforb  oxigene,  as  the  temperature  of  the  matters 
is  hotter  or  colder,  &c.     Gas  prepared  by  this  procefs 
generally  contains  more  or  lefs  azote  ;  for  as  iron  ab- 
sorbs a  greater  proportion  of  oxigene  than  mod  other 
I^ies,  and  abforbs  different  quantities  of  it,  according 
^  it  is  more  or  lefs  completely  in  a  metallic  ftate, 
^  effe&s  of  nitrous  gas  difengaged  by  this  metal  are 
before  more  or  lefs  uncertain  in  eudiometric  experi- 
ments.    This   truth,  which  is  applicable  to  all  bodies 
^t  feparate  nitrous  gas  from  the  acid  of  nitre,  fhows 
*^^  little  the  effays   of  eudiometers  with  nitrous  gas 
^^  to  be  depended  upon.   Alkaline  fulphures  are  there- 
fore 


6o  0/ Iron. 

fore  greatly  preferable  as  tefts  for'  determining  the  pu- 
rity of  air. 

The  muriatic  acid  diluted  in  water  diflblves  iron  ra- 
pidly.    A  large  quantity  of  hydrogenous  gas  is  difen- 
gaged  from  this  folution,  the  produdion  of  which  muft 
be  owing  to  the  decompofition  of  the  water,  in  the  fame 
manner  as  when  the  metal  is  diflblved  in  the  fulphuric 
acid.     The  hydrogenous  gas  produced  by  the  adion 
of  iron  on  the  muriatic  acid,  was  formerly  thought  to 
be  different  in  nature  from  that  which. is  difengaged 
from  the  fulphurie  folution  of  iron.     This  elaftic  fluid 
was  then  thought  to  be  one  of  the  principles  of  the  mu- 
riatic acid.     But  fince  the  difcovery  of  the  decompofi- 
tion of  water  by  iron,   it  has  been  proved,   that  the 
water,  and  not  the  muriatic  acid,  the  nature  of  which 
is  {till  unknown,  gives  rife  to  the  hydrogenous  gas  dif- 
engaged from  the  muriatic  folution  of  iron ;    for  the 
acid  remains  undiminifhed  and  unaltered  after  the  ex- 
halation of  this  gas,  and  the  fame  quantity  of  alkali  is 
neceffary  to  faturate  it  which  it  would  have  been  required 
before.     This  folution  of  iron  by  the  muriatic  acid  pro- 
duces a  confiderable  heat ;  which  continues  to  be  felt 
till  the  acid  be  faturated :  a  portion  of  the  iron  is  pre- 
cipitated in  real  JEihiops^  in  this  as  well  as  in  all  its 
other  folutions.     When  filtrated,  it  is  of  a  green  colour, 
inclining  to  yellow  :  It  is  much  more  permanent  than 
either  of  the  two  former ;    when  inclofed  in  a  phial 
properly  {topped,  it  depofites  no  oxide.     I  have  kept 
by  me  fome  of  it  for  eight  years  ;  in  all  which  time  it 
has  depofited  nothing  but  a  very  light  pale  yellow  du{t« 
But,  again,  when  it  is  left  expofed  to  the  air,  it  depo- 
/dtes  iu  a  few  weeks  almoU  all  the  iron  that  it  contains ; 
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ud  the  more  it  has  been  brought  into  contad  with  air, 

the  brighter  is  the  colour  of  the  precipitate.     It  is  at 

preCmt  known  as.  a  certain  fad,  that  this  precipitation, 

vludi  is  in  the  (ame  manner  produced  in  all  the  other 

ibiudoiis  of  iron,  is  owing  to  the  metal  abfbrbing  the 

oxigene  of  the  atmofphere ;  as  I  conjedured,  and  fug- 

gefted  to  the  public  in  the  year  1777*  (See  my  Memoirs 

9nCbmiftryJ) 

Stahl  announced  to  the  world,  that  in  the  combina- 
tioQ  of  iron  with  the  muriatic  acid,  the  muriatic  ac- 
qoired  the  charaderidic  properties  of  the  nitric  acid* 
Bat  diis  £aid  has  not  been  obferved  by  any  other  che- 
mid  It  appears  that  Stahl  attended  only  to  the  yellow 
colour  of  this  folution,  and  the  fmell  which  it  difiufes  ; 
a  imell  in  £id  but  little  diflferent  from  that  of  fpirit  of 
£dt,  and  much  the  fame  as  that  of  the  oxigenated  mu« 
riaticacid. 

The  folution  of  iron  by  the  muriatic  acid  does  not 
cryftallize  regularly  when  evaporated.  M.  Mqnnet  ha^ 
obferved,  that  if  left  to  cool,  when  its  cqnfidency  is  that 
of  a  fjrup,  it  forms  a  kind  of  magma,  in  which  flat 
oeedled  cryftals  are  obferved,  which  are  liable  to  deli- 
fuate.  This  magma  melts  by  a  very  moderate  heat ; 
^hen  a  (Ironger  heat  is  applied,  it  is  decompofed,  but 
&ot  fo  ealily  as  nitrate  of  iron ;  and  when  dry,  it  takes 

^  colour  of  ruft.    There  is  difengaged  from  it  a  por- 

• 

tiOQ  of  muriatic  acid,  which  may  be  obtained  by  di- 
'Ulatioa ;  and  which,  as  has  been  remarked  by  Brandt, 
^^^fties  off  with  it  a  little  oxide  of  iron. 

The  Duke  d'Ayen,  in  four  excellent  Memoirs  on  the 
^^binations  of  iron  with  acids,  which  he  has  given 
^  Academy,  has  entered  into  a  minute  examination 

of 
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of  \vhat  pafTes  \i^hen  muriate  of  iron  is  decompofed  id 
a  retort.     He  obtained  from  this  operation  very  lingu- 
lar produfts :  He  firft  obtained,  by  a  moderate  heat^ 
a  phlegm  flightly  acidulated  :    the  muriatic  acid  was 
then   concentpted }    and  its  gas,  though  much   more 
Volatile  than  water,  was  in  part  fixed  by  the  iron.     By 
a  much  flrdnger  heat,  a  part  of  the  acid  was  Tolatiiized 
with  a  little  iron,  and  fome  cryftals,  not  difpofed  to  de^ 
liquiate,  were  formed  in  the  balloon.  At  the  fame  time^ 
there  were  fublimed-  to  the  upper  part  of  the  retort,  a 
number  of  very  tranfparent  cryftals,  refembling  razor< 
blades,  which  decompofed.  the  light  like  the  mo(t  beau- 
ful  prifms,  difplaying  very  beautiful  (hades  of  red,  ycU 
low,  green,  and  blue.     There  remained  at  the  bottom 
of  the  retort  a  ftiptic,  deliquiating  fait,  of  a  briUiant 
colour  and  a  foliated  form,  precifely  like  that  fpecies 
of  talc  in  large  plates,  which  is  improperly  called  Muf^ 
covy  glafs.     This  laft  fait,  when  expofed  to  a  violent 
heat  in  ^  (lone  retort,  was  decompofed,  and  afforded 
a  fublimated  produd  of  a  flill  more  furprifmg  nature 
than  any  of  the  former  produds.     It  was  an   opaque 
matter,  truly  metallic  in  its  nature,  and  when  examined 
by  the  microfcope,  it  exhibited  regular  cryftals,  or  fee- 
tions  of  hexagonal  prifms,  which  the  Duke  d'Ayen  com* . 
pares  to  the  fquare  pieces  of  wood  ufcd  in  flooring 
rooms.    Thofe  cryftals  were  as  brilliant  as  the  beft  po- 
liftied  fteel,  and  equally  fubjeft  to  the  attraftion  of  the 
loadftone;   this  was  iron  partly  reduced  and  fublima« 
ted  *.     Art  feems,  in  this  inftance,  to'efFeft  an  imitation 

of 

*  I  have  in  my  Oibinet  a  black  iron  ore,  wiih  fmall  and  very  bril* 
liaot  lamiRXy  half  a  line  in  breadth,  the  form  of  which  Dcarij  refembki 
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of  nature,  which  fublimes  black  oxides  of  iron  by  the 

fire  of  volcanoes,  in  the  form  of  bright  poliihed  plates 

Uke  Steel.     Sach  at  lead  appears  to  be  the  origin  of  the 

Ipecular  iron  of  Mont  d'Or  and  of  Volric ;  which,  ac« 

cordiDg  to  the  accurate  obfervations  of  M.  de  I'Arbre, 

phffidan  at  Riom,  is  always  found  in  the  chinks  of  lavas. 

Fiqm  thefe  particulars,  it  appears  what  fingular  phae- 

nomena  the  fcience  of  chemiftry  offers  to  our  obferva- 

tioB,  and  what  valuable  difcoveries  it  promifes  to  fuch 

ai  Aall  purlue  a  train  of  experiments  with  the-  accuracy 

ndperfeverance  of  the  Duke  d*  Ay  en.  Let  it  not  efcape 

DS,  that  this  redudion  of  iron  favours  the  dodrine  of 

gaies,  and  that  fimilar  products  might  perhaps  be  ob- 

tamed  by  the  lame  procels  from  many  other  folutions 

of  metals. 

The  muriatic  folution  of  iron  is  decompofed  by  lime 
and  alkalis,  like  all  martial  folutions  ;  but  thefe  precipi- 
tates are  not  fo  much  altered,  and  may  be  very  eafily  re- 
duced, efpedally  fuch  as  are  produced  by  cauftic  alkalis. 
1  kare  already  obferved,  that  this  combination  affords  by 
precipitation  the  pureft  MtbiopSy  or  black  oxide  of  iron, 
tbat  can  poffibly  be  obtained.  Alkaline  fulphures,  fuU 
pburated  hydrogenous  "gas,  and  aftringents,  decompofe 
tbis  (blution  as  well  as  the  other  two  :  laftly,  Pruffian  al- 
kalis, or  alkaline  Pruffiates,  caufe  it  to  yield  a  very 

I^Qtiful  blue  precipitate. 

Water 

Iktt  of  the  cryAab  obtained  by  the  Duke  d*Ayeo.  They  are  very 
4m  finaD  fcales,  of  a  Tcry  fparkliog  grey  iron-colour,  difpofed  flopc- 
^  To  as  to  interfic^t  each  other  in  all  dtredioos,  and  dlfperfed  in  a 
''^  opaque  quartz,  or  a  kind  of  coarfe  jafpcr.  This  beautiful  fpcci- 
•«•  comet  from  Lorraine.  The  iron  of  Framont  is  of  the  fame  na- 
^  F. 
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Water  impregnated  with  carbonic  acid  eafily  diflblv68 
iron :  all  that  is  neceflfary  in  order  to  accomplifh  this 
combination  is  to  put  iron  filings  into  the  acidulated  li- 
quid, and  to  leave  the  mixture  to  digeft  during  a  few 
hours.    This  liquor,  after  being  filtrated^  has  a  pungent^ 
^nd  fomewhat  ftiptic  tafte*     MefTrs  Lane  and  Rouelle 
have  obferved  the  carbonic  acid  to  poflfefs  this  property. 
Bergman  calls  this  combination  aerated  irofij  and  fay8» 
that  when  expofed  to  the  open  air  it  acquires  a  rainbow- 
coloured  pellicle  ;  that  it  is  decompofable  by  pure  alka^^ 
lis :  but  that  alkalis  faturated  with  carbonic  acid  produce 
not  the  fame  efi'e£l  upon  it.     This  folution  gives  a  green 
tinge  to  fyrup  of  voilets,  and  affords  with  calcareous  Pnif« 
date  a  very  briliiant  Pruffian  blue.     When  expofed  to 
the  air,  or  heated,  it  precipitates  brown  oxide  of  iron. 
The  name  which  we  give  to  this  combination  is  carbonate 
of  iron.    Iron  has  a  ftrong  tendency  to  combine  with. 
the  carbonic  acid.     In  nature  we  often  find  it  in  this 
ftate.     Muddy  iron  ores  and  fparry  iron  appear  to  confiil: 
inoftly  of  this  combination.     Ferruginous  mineral  wa* 
ters  often  contain  iron  in  the  ftate  of  carbonate  of  iron* 
This  fait,  when  feparated  from  the  water,  and  dried,  is 
fcarce  foluble  in  that  fluid.     But  it  diffolves  plentifully 
in  liquid  carbonic  acid;  fubfiding,  however,  in  a  precipi^ 
tate  when  the  acid  is  volatilized.     We  know  not  in 
what  manner  the  fluoric  and  the  boracic  acids  ad  upoo 
iron. 

This  metal  vet^  readily  decompofes  fulphuric  falts^ 
particularly  fulphate  of  potafh  or  foda.  I  have  treated 
thefe  falts  with  iron  in  a  crucible,  and  have  found  them 
reduced  by  fucli  treatment  to  the  ftate  of  fulphurcs. 
The  lixivium  of  a  fulphurc  of  this  kind  i^  of  a  very  deep 


green  colour.  A  few  drops  of  acid  very  fpeedily  deftroy 
die  colour  of  this  metallic  tinfture.  ITic  greateft  part 
of  the  iron,  oxidated  by  the  oxigene  of  the  fulphuric  a- 
dd,  remains  undiflblved  iji  the  water  of  the  lixivium  ; 
and  adds  difengage  from  it  a  large  quantity  of  fulphu- 
fated  hydrogenous  gas. 

Inn  caufes  nitre  to  detonize.  On  throwing  into  a 
red-bot  crudble  a  mixture  confiding  of  equal  parts  of 
iron  filings  and  dry  nitre,  in  a  certain  time  a  very  rapid 
modem  is  exdted,  and  a  great  many  bright  fparks  fly 
out  of  the  crudble.  When  the  detonation  is  over,  the 
cradble  contains  a  reddifh  oxide  of  iron,  of  which  a 
finall  part  is  combined  with  the  alkali ;  when  this  mat- 
ter is  waflied,  the  water  diflblves  the  alkali,  and  the 
oxide  of  iron  remains  on  the  filter.  This  oxide  was  for- 
merly called  Zweffer^s/affron  of  Mars.  It  is  of  a  reddifh 
ydlow  colour,  and  is  fcarce  foluble  in  acids.  The  alkali 
ipaiated  from  it  by  waihing  is  cauftic,  according  to  moft 
diemifts;  for  it  is  generally  thought  that  metallic  oxides 
A  tike  pure  lime  on  this  fait,    thus   faturated  with 

I    carbonic  add  •. 

Iron  eafily  decompofes  ammoniacal  muriate.      Two 

A  dradims  of  iron  filings,  triturated  with  a  drachm  of  this 
^  give  out  ammoniac  gas.  Bucquet,  who  diftilled 
Ais  mixture  in  a  pneumato-chemical  apparatus  with  mer- 
cury, obtained  from  it  fifty -four  cubic  inches  of  aeriform 

I      Vol.  in.  E  fluid; 

*  It  it  to  be  obferTcdy  that  fince  Blsck't  Theoiy,  coQcerniog  the 
^^^lickjf  of  iiae  and  alkalis,  has  been  receiTedy  the  proper  experiments 
**t  aoc  ^^  beeo  made  to  determine  whether  metallic  oxides  and  lime, 
P'^fcrl]^  fo  called)  agree  in  their  phaenomena  in  this  refpecl.  And»  till 
^^'oent  determine,  we  can  fay  nothing  certain  on  this  head.  A. 
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fluid  ;  o^c  half  of  vrhich  was  ammoniac  gas,  and  tbec 
other  half  hydrogenous  gas.     Four  ounces  of  the  fam^ 
filings,  with  two  ounces  of  ammoniacal  muriate,  afford^ 
when  diftilled  in  a  retort  with  a  common  receiver,  about 
two  drachms  of  liquid  ammoniac,  impregnated  with  a. 
little  iron,  which  it  fpon  depofites.  in  the  ftate  of  oxide 
of  iron.    1  he  xefidue  of  thefe  operations  is  muriate  of 
iron.     What  occafions  the  decompoiition  of  ammoniacal 
muriate  by  iron  is,  that  the  metal  eagerly  combines  with: 
muriatic  acid :  a  proof  of  which  is  the  difengagement 
of  hydrogenous  gas,  obferved  to  take  place  during  the 
operation.    In  pharmacy,  there  is  a  medicine  prepared 
of  ammoniacal  muriate  and  iron,  which  is  called  martial 
Jlowers  offal  ammoniac^  or  ens  rnartis.     A  pound  of  am- 
moniacal muriate  in  powder  is  mixed  with  an  ounce  of 
iron  filings :  this  mixture  is  expofed  in  an  earthen  pot 
cov-ercd  with  another  veffel  of  the  fame  kind  to  a  fire  fuf- 
ficient  to  make  the  under-part  of  the  apparatus  red^hoU 
ki  five  or  fix  hours,  there  isa  yellow  matter  fublimated^ 
which  is  to  be  prefervcd  in  a  phial ;  this  matter  is  the- 
viartial  flowers.     This  fubftance  confifls  chiefly  of  fubli* 
mated  ammoniacal  muriate,  with  a  little  oxide  of  iron» 
As  the  metal  very  readily  decompofes  this  fait,  only  s- 
very  fmall  quantity  of  it  mud  be  employed,  in  order 
that  the  greatefl  part  of  the  fait  may  be  fublimed  in  it^- 
natural  ftate.    That  portion  of  the  oxide  of  iron  whictB. 
is  volatilized,  communicates. a  yellow  colour  to  the  ammo-* 
xiiacal  muriate,  which  is  at  the  fame  time  fublimated. 

Oxide  of  iron  decompofes  this  fklt  better  than  the 
metal  itfelf  j  for  it  difengages  the  ammoniac  withour 
heat.  ITiat  which  is  obtained  by  diftillation  is  very  fluid, 
and  fufficiently   cauftic.     I   have  obtained  ammoniac, 
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* 

%ludi  girt  a  flight  effervefcence  with  acids,  by  diftilling 

ammoniacal  muriate  with  half  its  weight  of  aperitive  faf* 

fnm  tf  Mars^  or  oxide  of  iron,  prepared  with  accefs  of 

sir,  and  of  confequence  containing  carbonic  acid.     In 

dm  inftance,  the  carbonic  add  difengaged  from  the  iron 

combined  with  the  ammoniacy  and  fo  rendered  it  eflfer- 

T€fcC0t» 

bn  is  altered  in  its  colonr  by  hydrogenous  gas ;  but 
Ae  aheratioa  which  it  fuffers  has  not  been  yet  fuffi- 
dody  examined.  Black  oxide  of  iron  is  not  decom- 
poled  by  this  gas ;  but  the  brown  or  the  red  oxides  eafi- 
Ij  aie,  and  they  then  pafs  into  the  ftate  of  black  oxide  ; 
fbr  hydrogene  robs  them  of  all  the  oxigene  they  con- 
tail,  more  than  what  is  requifite  to  maintain  them  in 
the  ftate  of  black  oxide.  Sulphur  combines  rapidly 
lith  iron.  A  mixture,  confiding  of  iron  filings  and 
fdphar  in  powder,  and  moiflened  with  a  little  water^ 
bcannes  hot  in  a  few  hours.  It  then  fwells,  acquires 
tDnfiftency^  abforbs  the  water^  burfls  with  a  difcernible 
crackling,  and  exhales  a  good  deal  of  aqueous  vapour^ 
accompanied  with  a  foetid  odour^  very  like  that  of  fuU 
Fronted  hydrogenous  gas.  When  the  mixture  is  a 
hrge  mafs,  it  takes  fire  in  the  fpace  of  four  and  twenty 
ortbirty  hours,  and  as  foon  as  ever  the  aqueous  vapours 
ceafe  to  arife  from  it.  When  the  fubflances  have  near- 
ly ceafed  to  ad  on  each  other,  the  heat  rapidly  increafes, 
and  inflammation  takes  place.  The  fmell  then  becomes 
^^  fbonger ;  it  feems  to  be  owing  to  the  hydroge* 
1^  gas  produced  by  the  adion  of  the  fulphur  and 
ivoQ  on  the  water.  This  fmell  is  mixed  with  another^ 
diat  of  alkaline  fulphurcs  and  pure  hydrogenous  gas ; 

£  2  the 
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the  inflammation  obferved  in  this  experiment  is,  na 
doubt,  owing  tQ  a  copious  difengagement  of  hydroge- 
nous gas  ;  for  the  flame  is  more  lively  than  that  of  ful- 
phur.  It  Fifes  a  foot  high,  according  tp  M.  Baum^'s 
account)  who  obferved  this  phaenomenon  c^  a  mixture^ 
confiding  of  an  hundred  pounds  of  iron  fiKngs^  and  as 
much  fulphur  in  powder  :  it  lafts  only  for  two  or  three 
minutes ;  the  mixture  continued  red  and  burniog  fur 
forty.  M*  Ba^ume  exphins  this  inflammation  into  the 
difengagement  of  the  phtogifton  of  the  fulphur  into  the 
Hate  of  free.fir^*.'  Lemery,  the  father,  has  givei)  the 
i^ame  of  artificial  votcano  to  this  experiment.  He  ima* 
gined  the  fires  which  kindle  in  the  interior  parts  of  our 
globe,  and  by  forcing  their  way  to  the  furface,  produce 
earthquakes  and  vokanoea,  to  arife  from  a  fimilar  com- 
buAion  of  pyrites  piled  on  each,  other,  and  moiAened 
by  water.  In  his  opinion,  thefe  awful  pIia:nomena 
might  be  imitated,  by  burying  in  the  earth  a  mixture 
ef  fulphur  in  powder  and  iron  filings,  reduced  to-  a  pafte 
with  water,  suid  covering  it  over  with  earth  preflfed  clofe« 
'  ty  down  upon  it.  This  experim^^nt  did  not  fucceed  with 
Bucquet,  who  repeated,  it  with  the  greateft  exa6tnefs. 
Zh*  Prieftley  feemed  to  (how  the  reafon  why  it  failed. 
That  phik>fopher  obferved,  that  the  moifliened  mixture 
of  fulphur  and  iron  abforbed  a  certain  quantity  of  air, 
which  might  be  thought  neceflary  to  its  inflammation* 
But,  notwithftanding  thi»,  the  inflammation  takes  place 
without  the  contact  of  ain  Ic  appears,-  in  fa£k,  that  the 
iison  being  very  muck  difvided/  re-adis  on  th^  fluid,  and 
feizes  its  oxigehe,  by  which  it  is  calcined,  and  difei^a^ 
ges  the  hydrogenous  gas,  which  takes  an  elaftic  form  by 
means  of  the  heat  feparatcd  from  the  water.    This  gas 

alCa 
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allbdtfelTes  »  portion  of  the  fulphul^ijfijrifts  becomes 
fulfJrarated  bydrogeaous  gas. 

Thfre  is  a  ftrong  ajialogy  between  this  combinatioh 
of  iron  and  fulphur  by  tbe  humid  way,  and  the  effloref- 
tactof  fyritet ;  which,  when  they  are  moiftened  by  wa- 
ter, produce  fulphurated  hydrogenous  gas. 

Solphur  combines  rery  eafily  with  iron  by  fuficm ; 
tbe  re0ih  is  a  fulphure  of  iron,  or  pyrites  arranged  in 
Sttdlet.  As  in  diis  cafe  the  fulphur  increafes  grcatty 
the  fbfibilicy  of  iron,  the  metal  may  be  inftantaneouity 
toAtei  with  the  help  of  this  combuHible  body.  In  or- 
der to  this,  a  fmall  bar  of  iron,  heated  to  whitenefs,  may 
beappliAl  to  a  roll  of  fulphur,  and  the  melted  matter 
•IWi  TUBS  from  them  received  into  water.  It  will  be 
inad  lA  the  duid  in  brittle  blackiflt  globules,  refembling 
fjritttf  and,  like  them,  in  the  form  of  fmall  flender  con- 
tonric  pyramids. 

Iron  with  arfenic  affords  a  brittle  mixture,  which  It 
IWvCTy  little  known. 

Ihis  metal  appears  to  ezift  tn  many  iron  ores ;  and 
■tit  m  confequence  of  being  intermixed  with  tt  that  iron 
iibrittU  when  hot. 

With  cobalt,  iron  forms  a  metallic  mixture,  with  fmaH 
doh^nins,  hard,  and  not  eafily  broken. 

It  does  not  appear  capable  of  combining  with  bif- 
Qnth. 

In  comlnnation  with  antimony,  it  forms  a  brittle  al-- 
loj'with  fmaU  fecets,  which  yields-bat  Vetf  little  to  flife 
I>Mnmer.  Iron  has  more  affinity  than  antimony  witft 
Wpfcir  ;  and  is  of  confequence  capable-  of  decomptrfing 
Wplmre  of  antimony.  To  effect  this  decompofitititf, 
■ni^fire  oances  of  the  points  of  hdrfe-'fliot  nails  re^^ 
I^  3  \\oi 
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hot  in  a  crucible ;  throw  upon  them  a  pound  of  pulre- 
rized  fulphure  of  antimony ;  and  apply  fpeedily  to  this 
mixture  a  heat  fufficiently  ftrong  to  melt  it :  when  it  is 
pretty  well  melted,  add  an  ounce  of  nitre  in  powder, 
to  promote,  by  a  thorough  fufion,  the  feparation  of  the 
fcoriac  from  the  antimony ;  let  the  mixture  be  now 
left  to  cool,  and  the  antimony  will  be  found  by  itfelf  not 
impregnated  with  any  iron.  If  the  mixture  employed 
confift  of  one  part  of  iron,  with  two  of  fulphure  of  anti- 
mony, the  antimony  will  be  alloyed  with  iron.  The  fcorise 
which  are  found  above  antimony  alloyed  with  ircm,  and 
prepared  with  nitre  and  tartar,  are  of  a  yellowifh  co- 
lour like  amber,  which  they  owe  to  the  iron  contained 
in  them,  Stabl  has,  on  this  account,  called  themyii^^ 
iinated  fcoria^  He  directs  to  reduce  them  to  powder ; 
then  boil  the  powder  in  w^t^r,  which  carries  off  the 
mod  fubtle  part  of  it ;  decant  off  the  liquor ;  filtrate  it } 
^nd  detonize  the  powder  remaining  on  the  filter  three, 
times  with  nitre ;  then  wafh  and  dry  it  •  and  the  mat^— 
ter  tbus  prepared  is  S^ahl's  aferitive  faffron  of  aiUimth^ 
niated  Marsn 

It  is  ftill  uncertain  whether  z!nc  he  capable  of  enter  -^ 
ing  into  union  with  iron.  Malouin,  in  his  Memoir  OKS 
Zinc  (jicademy^  1 742),  has  ihown,  that  this  femi*] 
may  be  applied  like  tia  to  the  furface  of  a  piece  of  iro] 
fo  as  to  fecure  it  from  the  contact  of  air ;  a  circuirm.'* 
(lance  which  (hows,  that  thefe  two  metallic  matte^X"^ 
are  capable  gf  entering  into  combination  with  one  an<:>' 

ther. 

It  appears  that  nickel  enters  into  a  very  intimsLC^ 

union  with  iron ;  for,  as  Bergman  has  (hown,  thefe 

fQctalUc  fubftances  can  never  be  entirely  feparated. 
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Mercury  can  contrad  no  onion  with  iron  in  its  me  - 

tattic  (late.     IneSeftual  attempts  have  been  made  to 

firodttce  a  dired  corobinadon  of  thefe  two  fubftances^ 

bat  their  oxides  4iave  been  combined.    Navier  has  ob- 

fcnred^  that  a  fnowy  white  precipitate  may  be  obtained 

by  mixing  together  a  folution  of  iron  and  a  folution  of 

nooiry,  both  made  by  the  fulphuric  acid  ;  and  on  eva- 

poiatiog  this  mixture,  fmall  flat  cryftals  are  formed  in 

ityfeiy  tUn, -and  refembling  the  boracic  acid.     Navier 

ti  coBvinced  that  thefe  cryftals  are  a  combination  of  iron 

•ith  mercury. 

Lead  cannot  enter  into  union  with  iron. 

It  appears  that  iron  and  tin  may  be  combined  by  fu» 
fion.  That  art  which  confifts  in  coating  the  furface  of 
itOQ  with  tin,  or  preparing  white  iron,  (hows  this  com* 
buadon  to  be  poflible«  The  furface  of  iron  to  be  tin« 
Bed  muft  be  fmoodi  and  fparkling.  For  this  end,  it  is 
fometimes  cleared  with  an  acid,  fomecimes  filed, and  fome- 
timet  coated  with  iai  ammoniac  :  when  prepared  in  this 
maimer,  it  is  immeifed  vertically  into  a  vefiel  full  of 
ndted  tin ;  its  pofuion  in  the  voflel  is  repeatedly  chan- 
ged, in  order  to  bring  it  more  completely  in  cont-aft 
vith  the  tin  ;  and  when  it  is  thought  to  be  fufficiently 
tinned,  it  is  taken  out  and  rubbed  with  faw-duft  or 
kran,  to  clear  it  from  the  tallow  -or  pitch  with  which  the 
furface  of  the  melted  tin  is  covered,  and  which  of  con- 
fequcnce  flicks  to  the  furface  of  the  tinned  iron.  If  the 
iron  fubjeded  to  this  procefs  be  in  very  thin  plates,  the 
to  will  not  barely  adhere  to  its  furface,  but  penetrate 
^ogh  it,  and  combine  with  all  its  parts :  and  on  cut- 
tog  or  breaking  it,  the  fame  white  colour  will  appear 
in  themidft  as  on  the  furface  of  the  pkte  :  From  M^hich 

1 4  it 
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it  appears,  that  white  iron,  properly* prepared,  is  aftoal* 
ly  a  cbemical  combination.  Befides,  it  is  more  malle- 
able than  iron,  and  is  wrought  into  veflels  of  a  form 
which  it  would  be  impoilible  to  make  the  pure  metal 
take  with  the  hammer. 

We  have  feen,  in  the  beginning  of  this  qhaptet,  that 
iron  eafily  abforbs  carbone  by  heat,  forming,  by  its  unioii 
wich  that  combuftible  body,  ca(l  iron  and  fteel  \  with 
this  diflference  between  thefe  two  compounds,  that  in 
the  former  oxigene  is  contained,  but  Qot  in  the  latter. 
In  both,  the  quantity  of  the  iron  is  much  above  that 
of  the  carbone.  Scheele,  who  has  applied  chemical  ana- 
Jyfis  to  fo  many  happy  purpofes,  found,*  on  inveiliga- 
ting  by  this  method  the  nature  o{  plumbt^o^  a  fpecies  of 
mineral,  the  rank  and  character  of  which  qiituralifts 
were  long  at  a  lofs  to  determine,  that  it  is  nothing  but 
a  natural  combination,  confiAing  of  a  large  quantity 
of  carbone,  with  a  very  fmall  proportion  of  iron. 

F lumbago  has  been  long  confounded  with  molybdena^. 
Pott  was  the  firft  who  proved  that  neither  of  thefe  fub« 
Aances  contains  lead,  as  they  were  anciently  thought  to 
do.  llie  names  beftowed  on  molybdena  and  plumbago 
were  formed  to  perpetuate  the  error.  They  were  both 
indifferently  called  lead  ore,  Englijh  pencil^  marine  lead^ 
black  cerufe^  painter^ s  mica^  lead  pencil^  falfe  galena^  talc^ 
ble^dej  potelot. 

Native  carbure  of  iron  (a  name  which,  as  expreflive  oF 
the  nature  of  the  compound,  we  have  fubftituted  inftead 

of 

*  It  II  now  agreed,  that  the  fuhilance  called  mo/^'^rit/ifl  is  the  oxide 
of  a  certain  acidifiable  fcmi-mctal.  Its  hiftory  has  been  given  amoof 
the  femi-metale.     F. 
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oT  fbmi^J  it  found  in  mountains,  frequently  among 
beds  of  quartz,  feldc-fpar,  clay,  or  chalk,  in  the  form  of 
inegular  round  lumps,  or  balls,  like  the  tefiicles  of  ani« 
inals  of  Yarious  fises ;  the  largeft  weighing  from  eight 
to  ten  or  eleven  pounds ;  fometimes,  too,  it  is  fcattered 
in  Buch  CoaaUer  fragments  ;  and  fometimes  e>'en  in  flnu 
ta  or  layers.  The  inhabitants  of  Bleouz,  a  hamlet  near 
CnriNun,  in  the  hi^ier  part  of  Provence,  work  naiivg 
iorhn  ifirm^  or  plumbago,  which  is  found  in  (Irata  of 
the  thifknefs  of  four  £eet,  between  two  beds  of  clay ; 
the  matter  is  fold  at  Marfeilles.  M:  de  la  Peyrouz 
icdoQs  carbure  of  iroa  among  the  minerals  of  the  Py- 
raieess  it  is  found  in  Spain  and  in  Germany  ;  in  the 
dodiy  of  Cumberland  in  England,  there  is  a  very  rich 
none  of  it ;  it  is  made  into  pencils,  which  are  much 
cftttflied.  North  America,  and  the  Cape  of  Good 
Rope,  likewife  afford  fpecimen$  of  this  fubftance. 
flifmk^  has  for  fome  time  been  found  in  oftohaedral 
cryftals. 

Carbure  of  iron  is  of  a  gliftering  blackifb  blue  colour  ; 
it  fcek  greafy,  and  its  fradure  is  tuberculous  ;  whereas^ 
^hdenm  has  a  lameUated  frafhire.  Its  being  of  an 
ABdiunis  fi^py  nature,  has  induced  fome  chemifts  to 
toidider  it  as  a  kind  of  impure  clay.  It  fpots  the  hands  ; 
aad  the  Uack  peneil  leaves,  as  every  body  knows,  a  black- 
^  mark  on  paper. 

Carbure  of  iron  fuflers  no  alteration  from  heat  in  clofe 
^«feU.  M.  Pelletier,  who  has  made  a  feries  of  experi- 
ments on  this  fubftance,  fince  Scheele,  without  obtain- 
• 

^g>  however,  any  different  refult,  expofed  200  grains  of 
It  m  a  wdl-ftopped  crucible  of  porcelain,  to  the  heat  of 
*c  fire  ufed  in  the  Scves  manufaftory  for  porcelain ; 

live 
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the  mineral  loft  only  ten  grains :  But  when  heated  is 
contad:  with  air,  it  burns  and  is  oxidated,  fo  as  to  leave 
fcarce  any  refidue.  Meflrs  C^ift,  Gahn,  and  Hielm,  ob« 
ferved,  that  i  oo  grains,  treated  in  this  manner,  in  a  cap« 
fule  under  a  muffle,  left  only  ten  grains  of  ferruginous 
oxide.  This  oxidation  is  a  flow  combuftion,  very  diffi* 
cuk  to  bring  about.  It  does  not  fucceed  in  a  common 
crucible :  but  to  eSed  it,  a  thin  piece  of  carbure  of  iron 
mull  be  expofed  in  a  broad  flat  veflel  to  the  afUon  of  a 
ftrong  fire,  and  the  ilur&ces  often  cleared,  and  iti  pofi« 
tion  changed. 

Neither  air,  water,  nor  any  eardiy  fubflance,  ads  on 
<arbure  of  iron.  The  alkalis  a£k  powerftiUy  on  diis 
fubftance.  If  one  part  of  carbure  of  iron,  with  two  of 
dry  cauftic  fixed  alkali,  or  the  lapis  catifticusj  be  heated 
together  in  a  retort  with  a  pneumato-chemical  ai^)ara«- 
tus,  the  fmall  quantity  of  water  fUll  contained  in  the  fait, 
contributes  to  the  combudion  of  this  fubftance  \  a  prOf-> 
dud  of  carbonated  hydrogenous  gas  is  obtained ;  that 
alkali  is  found  to  be  faturated  with  carbonic  acid  ;  an< 
there  remains  fcarce  any  of  the  carbure  of  iron*  Tbi 
refult  of  this  experiment^  and  the  detonation  of  carbun 
of  iron  with  nitre,  which  will  hereafter  come  under  ou: 
notice,  led  Scheele  to  confider  this  matter  as  a  kind  a 
fttlphur  formed  of  aerial j  or  carbonic  acid  and  phlogi^^ 
ton.  We  will  examine  this  theory,  after  having  confi* 
dered  the  other  phaenomena  which  this  combuftible  bc7- 
dy  difplays  when  expofed  to  the  adion  of  acids  am.  <3 
neutral  falts. 

The  fulphuric  acid,  according  to  Scheele,  is  incapable 
of  afting  on  carbure  of  iron.  M.  Pelletier  has  obf^^'JC-- 
ved,  that  when  loo  grains  of  this  fubftance,  and  fo^«JH 
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ounces  of  concentrated  folphuric  acid,  are  digefted  to- 
gether *cold  for  (ereral  months,  the  acid  acquires  a 
green  colour,  and  becomes  liable  to  congeal  by  a  very 
Boderate  degree  of  cold.  This  acid,  -when  diftilled  on 
aibiire  of  mm,  pafles  into  the  (late  of  fn^hnreons 
add,  in  confeqoence  of  the  comboftion  of  a  part  of 
Attfiibftance. 

Hie  nitric  add  produces  no  alteration  upon  it.  The 
Boriaic  acid  diffolves  the  alimiinous  earth  and  the 
inm,  and  fertes  to  purify  it,  according  to  M.  BerthoUet: 
IL  Belletier  has  made  ufe  of  the  fame  procefi  in  or- 
iet  to  otoin  pule  carbure  of  iron.  With  refped  to 
die  ahiminotts  earth,  which  the  muriatic  acid  carries 
off  from  carbure  of  iron,  Scheele  remarks,  that  the 
siominous  earth  feparated  in  his  analyfis,  belonged  to  the 
cnicible  in  which  he  had  before  treated  it. 

Carbure  of  iron,  when  melted  with  four  parts  of  ful- 
pbte  of  potaih,  or  fulphate  of  foda,  affords  alkaline 
fii^ures^  and  is  entirely  decompofed. 

Nitre  detonates  with  the  help  of  this  fubftance ;  ten 
I^*ti  of  that  (alt  are  requifite  to  bum  one  of  carbure 
of  iron.  The  fixed  alkali  which  remains  after  this  ope- 
i^tum  gives  a   lively  effervefcence  with  acids,  and  b 

foaad   to  be  mixed  with  a  fmall  quantity  of  oxide  of 

•         

''^  The  lame  efied  takes  place  with  nitrate  of  foda 
'od  ammoniacal  nitrate.  M.  Pelletier  has  obferved,  that 
^  this  laft  operation  there  is  ammonaic  difengaged  ia 
^itibination  with  a  portion  of  carbonic  acid. 

Carbure  of  iron  a6ts  neither  on  muriate  of  potafh 
'^^^  muriate  of  foda. 

AVhen  diftilled   with  ammoniacal  muriate,  it  gives 
^^rtial  ammoniacal  Jfewers.    When  it  is  heated  with 
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fulphur  in  a  retort,  the  fulpbor  is  fublimed  byit- 
felf,  without  producing  any  akeratioa  on  the  carbure 
of  iron. 

Ail  thefe  fads  concur  to  prove,  that  this  fubftance  is 
neither  earth  nor  lead  ore,  as  it  was  thought  to  be. 
But  Scheele's  Theory^  again,  who  confiders  it  as  a  tom- 
bination  of  carbonic  acid  with  phlogifton^  cannot  be  ad- 
mitted, I.  Becaufe  that  chemift  has  noc  informed  us 
what  quantity  of  the  acid  he  obtained;  ii.  Becaufe  he 
could  not  compofe  plumbago  artificially,  by  combining 
carbonic  acid  with  a  combuftible  matter.  *  Befides,  the 
two  fubftances  with  which  Scheele  changed  carbure  of 
iron  into  carbonic  acid,  effed  the  change  by  affording 
vital  air,  which  combines  with  the  inflammable  mattef 
of  this  fubftance,  and  gives  rife  to  that  acid  by  the  fiica. 
tion  of  oxigene ;   for  in  this  manner  does  the  nitrie 
add  convert  tungften,  arienic,  and  fugar,  into  adds. 
With  regard  to  cauftic  fixed  alkali,  which  likewife  chan- 
ges carbure  of  iron  into  carbonic  acid,  this  efied  is 
plainly  owing  to  the  water  which  that  alkali  always  con«> 
tains,  and  which  burns  the  comboftible  matter  in  \ht 
fame  manner  as  it  confumes  zinc  and  iron ;   the  hydros 
genous  gas  obtained  during  the  re-a£tion  of  the  alkaU 
and  the  carbure  of  iron  adds  confirmation  to  this  theory* 
It  might  be  ftill  farther  confirmed  by  pailing  water  in 
vapours  upon  this  fubftance,  made  red-hot  in  a  copper  or 
porcelain  tube,  as  is  done  with  iron  and  zinc.     Al* 
though  this  experiment  has  not  been  yet  made,  I  be* 
Keve  I  may  venture  to  advance,  that  the  whole  of  the 
carbure  of  iron  would  be  deftroycd,  and  converted  into 
carbonic  acid,  and  that  the  produft  of  the  operation 
would  be  carbonated  hydrogenous  gas,  mixed  with  a 

large 
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hrge  propordon  of  carbonic  add.  It  would  then  feem 
\  natural  inference,  tliat  the  carbonic  acid  is  a  compound 
of  plumbago  and  ozigene ;  but  as  we  know  from  many 
other  experimentf ,  that  this  acid  cannot  be  found  un- 
lefi  when  a  combination  of  carbone  and  oxigene  takes 
pbce;  we  muft  infer,  in  this  inflance,  that  plumbago  con- 
tamk  large  prc^rtion  of  carbone,  and  even  confifts  almoft 
cmirelj  of  diat  combuftible  body.  A  few  fa&s  concern- 
ing Ae  properties  of  carbone,  here  thrown  together,  will 
hrina  confirm  this  ailertion. 

Tbecarbone  or  coal  of  various  vegetable  msttters  is  brii« 
Suit,  and  has  a  metallic  afpe&,fike  carbure  of  iron;  it  foils 
diehands,  and  marks  paper  like  that  matter;  and  its  texture 
too  is  granulated  and  brittle.  The  moft  brilliant  coals^ 
ffldias  thofe  of  fome  animal  fubflances,  are  as  difli- 
cult  to  burn  as  carbure  of  iron,  which  needs  to  be  much 
Sirred,  ezpofed  to  an  intenfe  heat,  and  brought  as  much 
2s  poffiUe  into  contact  with  air,  in  order  that  it  may  be 
confomed  ;  iron  is  found  in  both ;  And  lafUy,  thefe  two 
fubftances  are  both  liable  to  be  changed  into  carbonic 
add  by  combuflion.  After  confidering  thefic  fads,  may 
ve  act  regard  plumbago  as  coal  formed  in  the  interior 
puts  of  the  globe,  or  buried  in  the  earth  ?  May  we  not 
^en  conclude,  that  this  matter  is  formed  by  the  com- 
t^iosdon  of  fome  mineral  principles  ?  though  almoft  all 
diemifts  be  of  opinbn,  that  nothing  but  organic  matters 
^  be  converted  into  coal.  But  this  notion  can  be 
^^^nfirmed  or  refuted  only  by  a  regular  inquiry  into  the 
''^  of  carbure  of  iron  in  nature,  the  circumftances  of 
^  formation,  and  the  alti^tion  which  it  fufl'ers.  Since 
^  tefearches  of  Meffrs  Vandermonde,  Monge,  and  Bcr- 
wUet,  iau>  the-  feveral  .ftates  in  which  iron  fubfifts, 
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difcovered  thefe  fafts  concerning  carbure  of  iron,  thejf 
have  farther  difcovered,  that  there  is  conftantly  formedi 
on  the  fufion  of  cad  iron,  a  fubflance  precifely  fimilar 
to  native  carbure  of  iron.  The  ladles  with  which  the 
cad  iron  is  taken  out  to  cool  are  ufvially  coated  with  it. 
MaiTes  of  it  are  likewife  found  in  cryftals  in  repairing 
the  upper  parts  of  the  furnaces.  We  may  venture  to 
hope  that  it  will  be  one  day  artificially  prepared  for  the 
fervice  of  the  arts* 

Carbure  of  iron  is  a  good  deal  ufed.  It  is  made  into 
pencils ;  the  mod  efteemed  of  which  come  from  £ng* 
land.  Kefwick,  in  the  county  of  Cumberland,  is  xht 
place  where  that  ufed  for  pencils  is  found.  The  native 
lumps  are  fawed  into  fmall  flender  pieces  ;  which  are 
put  into  wooden  cylinders  with  grooves,  and  cut  fo  that 
the  cavity  of  the  .  cylinder  may  be  entirely  filled.  The 
dull  produced  from  the  fawing  and  cutting  of  the  piecei 
inferted  into  the  cylinders  is  ufed  for  pencils  of  an  infe- 
rior quality,  a  great  many  of  which  are  fold  at  Paris.  It 
is  mixed  with  a  gum  pafte,  or  melted  whh  fulphur. 
Thefe  bafe  pencils  are  known  in  England,  either  by 
their  melting  and  burning  at  the  flame  of  a  taper,  or  by 
their  feparating  into  bits,  and  even  falling  into  powder 
when  fteeped  in  water.  The  German  carbure  of  iron 
is  likewife  ufed  for  pencils :  in  making  them,  feveral 
extraneous  matters  are  added ;  fuch  as  coal,  fulphur, 
&c.  In  England  the  fined  dud  of  carbure  of  iron  is  ufed 
for  coating  the  wheel- work  of  fome  indruments ;  and  it 
facilitates  their  motions  by  its  greafy  unfbuous  nature  \ 

One  of  the  mod  important  ufes  to  which  this  fub* 

dance 

•  This  fubftance  is  Itkewife  ufed  for  blackening  the  oatfidci  of  tvf- 
Jmt*    Its  common  name  is  wwu/.    H« 
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Cance  is  applied  is  to  coat  iron,  in  order  to  preferve  ir 
fcom  rufting;  the  pipes  of  (loves,  the  back  parts  of 
{lateSy  aad  other  utenfils  expofed  to  the  action  of  fire 
and  air,  are  coated  with  powder  of  carbiure  of  iron,  which 
11  applied  to  their  furface  by  fimply  nibbing  with  a 
biifli.  Homberg,  in  the  year  1699,  defcribed  a  pro* 
cds  for  giving  a  leaden  colour  to  utenfils  of  iron.  It 
coofifts  ia  mixing  eight  pounds  of  melted  animal  fat, 
vith  four  ounces  of  camf^re,  and  a  fufficient  quantity 
of  carbure  of  iron,  and  laying  this  compofition  on  iron 
lb  hot  that  it  can  fcarce  be  held  in  the  hand  \  thefe  uten- 
fils moll  be  carefully  wiped  with  a  cbdi,  after  being 
coiered  with  this- fort  of  varniflu 

The  workmen  who  manu&fture  lead  for  hunting- 
ioc,  polifli  and  blacken  its  fnrface  at  the  lame  time  by 
KdGng  it  in  powder  of  carbure  of  iron.  It  is  likewife  a 
part  of  the  compofition  put  iq^n  the  pieces  of  leather 
ded  for  ftrapping  razors.  Laftly,  it  is  ufed  in  the  ma- 
iQ&dure  of  feveral  black  Englifh  earthen  wares ;  and 
in  that  of  the  crucibles  which  are  made  at  Paflaw  in 
Sammy. 

M«  Pelletier,  who  has  given  a  good  account  of  the  va* 
'lOQS  ufes  to  which  carbure  of  iron  is  applied,  found  it 
^  aiifwer  very  well  in  a  luting  which  be  prepared  after 
Poet,  with  one  part  of  this  fubftance,  three  of  common 
^,  and  a  little  cow-dung,  reduced  very  fmall.  This 
l^g  fupports  glais  retorts  well  enough  \  they  even 
^Ibmetimes  without  its  fufiering  any  change  of  form. 

The  principal  ufes  of  iron  are  fo  extenfive,  and  be- 
^  fo  well  known,  that  it  is  unneceflary  to  infill  on 
^^  here ;  only  we  may  mention,  that  no  art  can  do 
^^ely  without  it,  and  that  it  is,  as  Macquer  fays,  the 
M  of  all  the  arts.    The  various  modifications  of  which 
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it  16  fufceptible,  render  it  very  fuitable  for  all  the  purpo^ 
fes  to  which  it  is  applied.  Cad  iron  is  run  into  utenfils 
more  or  lefs  folid,  and  capable  of  refiflaoce,  according 
to  the  purpofes  for  which  they  are  defigned.  The  tena- 
city and  hardnefs  of  the  feveral  fpecies  of  forged  iron 
render  it  very  fuitable  for  all  the  purpofes  to  which  it  isf 
applied.  The  fame  is  the  cafe  with  the  feveral  kinds  of 
fteel.  The  finenefs  of  the  grain  and  the  temper  vztf 
fo  as  to  divide  it  into  a  great  many  fpecies,  each  of  wbieb 
is  better  fitted  than  any  of  the  reft  to  fome  purpofe  oi* 
other  in  the  circle  of  the  arts.  Oxides  of  hon  ferve  for 
giving  a  red  or  brown  colour  to  procelain,  pottery,  ena- 
mels, &c.  They  are  likewife  employed  in  the  prepara« 
tion  of  artificial  precious  ftones,  and  mixed  with  oil  for 
painting  colours. 

Iron  affords  a  remedy  of  great  ufe  in  medicine  ;  td 
which  indeed  the  art  is  frequently  indebted  for  fuccels# 
This  is  the  only  metal  that  has  no  noxipus  quality  what- 
ever, and  of  the  good  effeds  of  which  there  can  be  no 
doubt.    There  is  even,  as  we  have  feen,  fuch  an  ana- 
logy  between  iron  and  organic  matters,  that  it  feems  to 
compofe  a  part  of  them,  and  to  be  often  produced  by 
the  operation  of  the  vital  powers  of  animals,  and  by  ve- 
getation.   The  eflfefts  of  iron  on  the  animal  ceconomy 
are  various.      It  Simulates    the   fibres  of  the  mem- 
braneous vifccra,  and  appears  to  aft  more  efpecially  on 
thofe  of  the  mufcles,  which  it  aSefls  as  a  tonic.    It  for- 
tifies  the  nerves,   and  communicates  to  the  animali 
when  enfeebled  and  languid,  new  force  and  vigour  in 
a  remarkable  degree.    It  excites  many  fecretions,  efpe* 
cially  fuch  as  take  place  by  evacuations  of  blood  or 
urine.    It  contributes  to  bring  on  natural  hsmorrha* 
ges,  fuch  as  the  mtnftnial  flux  and  the  haemorrhoids* 

I  It 
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It  inrmf^  and  iiiuIU{Jie8  the  contra&ions  of  the  heart ; 
and  of  confiequence  renders  the    puUe    quicker  and 
flrooger.     It  ads  with  no  lefs  energy  on  the  fluids, 
k  pafles  eafilj  into  the  channels  through  which  the 
blood  circulates,  combines  .with  it,  and  thus  gives  it 
new  -denlity^  conilftency,  and  colour,  said  renders  \l 
more  li^le  to  concretion*    It  at  the  lame  time  com* 
namicates  to  it  fuch  adivity,  that  it  pa0es  without  dif- 
ficoky  into  the  Ixnalleft  veflels,  stimulates  of  itfelf  the 
fides  of  the  duds  through  which  it  flows,    and  thus 
conveys  li£s  and  vigour  through  the  whole  fyftem.    Tlie 
nloable  experiments  of  NL  Menghini,  publiihed  amcmg 
the  Memoirs  of  the  Infl:itution  of  Berlin,  prove,  that 
the  blood  of  people  who  make  ufe  of  iron  is  higher  co- 
loured, and  contains  more  than  the  natural  quantity  «f 
this  metaU     Lorry,  who,  in  the  pradice  of  medicine, 
his  difplayed  that  nice  acutenefs  of  obfervation,  and 
that  exteafion  of  views  which  diftinguifli  the  profound 
and  philofopbical   {^yfician,   obferved  the  urine,  of  a 
fick  perfou  to  whom  he  had  adminiftered  iron  reduced 
to  powder,  to  take  a  manifelt  colour  from   an  infii- 
fion  of  nut-galL    lliis  metal  is  therefore  tonic,  ftrength- 
ening,  ftomacbic,  diuretic,  alterative,  incifive ;  and  in 
the  fingie  operation  of  this    medicine  are  united  the 
^ttcs  of  a  great  number  of  drugs.     It  contrads  the 
^es  like   aftringents,    it  increafcs   their  ofcillation : 
^  it  has   the   fuperiority   over  many  of  the  other 
medicines   which   poflefs   thrf  fame   virtues,   as   being 
toore  conflant  and  durable  in  its  efleds^  for  it  combines 
^  the  organs  themfelves,  by  means  of  the  fluids  by 
^hich  thefe  are  nourifhed.     It  may  be  ufefully  admi- 
^*«Wred,  therefore,  in  all  cafes  in  which  the  adion  of  the 
Vol.  III.  F  fibres 
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fibres  of  the  vlfcera,  of  the  mufcles,  or  even  of  the 
nerves,  is  very  feeble  ;  when  the  ftomach  and  intefUnes 
are  fo  languid  as  to  refufe  their  fundions ;  and  in  the 
cafe  of  weaknefs  arifing  from  fuch  a  caufe ;  in  fhort, 
tvhenever  the  confiftency  of  the  fluids  is  diminifhed, 
and  they  are  become  too  thin,  as  in  the  green  ficknefs, 
and  in  tendency  to  dropfy,  &c.  It  is  ufed  under  many 
different  forms ;  fuch  as  levigated  filings,  martial  JE- 
thiops,  aftringent  and  aperitive  faffron  of  Mars,  Stahl's 
alkaline  martial  tindure,  martial  flowers  of  fal  ammo- 
niac, &c.  To  thefe  medicines  might  perhaps  be  add- 
ed iron  precipitated  from  acids,  and  again  diffolved 
by  ammoniac ;  Pruflian  blue,  the  ufe  of  which  as  a  me- 
dicine, is  propofed  by  the  chemifts  of  the  Academy  of 
Dijon,  &c.  Sulphate  of  iron  is  applied  externally  to 
flop  haemorrhages,  &c. 

Iron,  endowed  with  magnetic  qualities,  or  artificial 
loadftone,  has  been  thought  to  produce  fomc  very  An- 
gular effefts  on  the  animal  ceconomy.  According  to 
many  modern  authors,  when  laid  upon  the  (kin,  it  eafes 
pain,  flops  convulfions,  occafions  rednefs,  fweating,  and 
often,  too,  the  eruption  of  fmall  pimples  ;  it  likewife  ren^ 
ders  epileptic  fits  lefs  frequent.  We  are  even  affured, 
that  in  the  fpace  of  twelve  hours  it  communicites  to 
water  a  purgative  quality.  Thefe  aflertions,  which  it  is 
pretended  are  juftified  by  fafts,  afford  fo  many  proofs  to 
enlightened  philofophers  of  the  difficulties  with  which 
the  fludy  of  animal  phyfics  is  attended.  As  no  body  is 
liable  to  be  affefled  by  the  magnetic  powers  of  other 
bodies  which  is  not  ilfelf  capable  of  acquiring  fucb^ 
powers,  it  muft  therefore  be  impoflible  for  the  loadfton^ 
to  aft  by  virtue  of  its  magnetic  powers  upon  the  anim»^^ 

ceconomy^  ^ 
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flccoooiny.  The  j^Tficians  who  afcribe  to  it  fuch  emi* 
ocDt  tSk&^  and  fuch  energetic  medicinal  powers,  have 
been  mifled  and  deceived  by  the  changes,  more  or  lels 
feofible,  which  have  taken  place  about  the  time  of  the 
application  of  the  magnetic  body,  and  have  been  owing 
to  the  drcumftances  of  the  cafe,  and  the  happy  ezer- 
tioDs  of  nature.  This  opinion  is  farther  enforced  by 
coofidering,  that  nature  feems  to  ad  with  more  irregu- 
bmyand  inconftancy  in  removing  pains  and  convul- 
fioQs,  than  in  any  other  inftance ;  and  that  the  medici- 
nal firtues  of  the  loadftone  are  chiefly  inferred  from 
die  effeds  which  have  followed  after  applying  it  in  cafes 
ofthisldnd* 


To  this  very  elaborate  and  complete  chapter  upon  Irwi,  very  few 
6dscube  adiled. 

K.  Chapeal  (ajty  that  the  cubic  foot  of  iroo,  weight  not  880  £^.  at 
ornthor  aBedget,  but  011I7  845  Hk  Itt  fpccific  gravitj  it  72,070. 
<ht  ochrety  foppofol  to  be  formed  by  the  aatural  decompofition  of 
FTnUt,  arc  the  principal  matter  employed  for  djtxngjhffs  pritb  thp 
*>ioai  fliadet  of  brcwu-reJ.    They  are  for  thit  porpofe  calcined.     At 

L  Ibt-Dica,  near  Alait  in  France*  a  ftratnm  of  ocbre  has  been  found, 
*Kch  sibfds  an  inimitable  red.  At  Carron  in  Stirlinglhire,  in  Scot- 
h«i,  and  by  Meflh  C6oper  and  Barker,  between  Lcith  and  Edin- 

\  Hs^  many  artidet  of  fttnitture,  &c.  are  xtry  ingenioafly  moulded 
04  of  crude  iron.     H. 
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Of  Copper. 


COPPER  is  »  metal,  of  a  very  brilliant  red  co* 
lour,  to  which  the  alchemifts  gave  tjie  name 
of  Yenm^  on  account  of  the  readinefs  widi  which  it 
combines  fo  as  to  fuffer  alteration  from  a  vaft  variety 
of  other  bodies.  It  has  a  difagreeable  fmell,  wfaidi  is 
felt  when  it  is  rubbed  or  heated.  Its  tafte  is  ftiptic  and 
naufeous,  but  iefs  fenfible  than  that  of  iron.  It  is  bard, 
very  elaftic,  and  very  fonorous.  Its  dudility  is  confi- 
derable  :  it  is  reducible  into  very  thin  plates,  and  very 
llender  threads.  In  the  hydroftatic  balance,  it  lofes 
'  about  an  eighth  or  a  ninth  part  of.  its  weight.  Such  is 
its  tenacity,  that  a  thread  of  copper,  one-tenth  of  an  inch 
in  diameter,  fupports  299  i-4th  pounds  weight  wiihou' 
breaking.  Its  frafture  appears  as  if  it  were  compofec 
of  fmall  grains.  It  is  fufceptible  of  a  regular  forin 
The  Abbe  Mongez  defines  its  cryftals  to  be  quadran 
gular  pyramids,  fometimes  folid,  and  fometimes  confift 
ing  of  other  fmaller  pyramids,  inferted  laterally. 

Coppc 


Copper  is  found  in  various  dates  in  the  earth,  ks 
ores  are  rcrj  numerous  ^  but  they  may  be  all  reduced 
to  the  following. 

I.  Nfative  copper  of  a  red  colour,  malleable,  and  pof- 
lefied  of  all  the  odier  properties  of  the  metal.  It  is  dif- 
tmgaifhed  into  two  forts ;  copper  of  the  firft  forma- 
tkxi,  and  copper  of  a  fecondary  formation,  or  cementa- 
tion. The  copper  of  the  firft  formation  is  difperfed  in 
plates  or  filaments  within  a  gangue,  which  is  almofl 
ahrays  of  a  quartzofe  nature.  It  is  fometimes  found  in 
odahxdral  cryflals,  one  above  another,  refembling  a  kind 
of  regetation.  There  are  other  fpecimens  in  mafTes 
and  grains.  Copper  of  cementation  is  commonly  in 
gndns,  or  in  thin  faminae  on  the  furfaces  of  flones  or 
iron.  That  which  is  found  on  iron  appears  to  have 
been  depofited  in  waters  containing  fulphate  of  copper, 
and  precipitated  by  iron.  Native  copper  is  found  in 
many  places  over  Europe :  At  St  Bel  in  the  neighbour- 
bood  of  Lyons,  at  Norberg  in  Sweden,  at  Newfol  in 
Hungary,  and  in  feveral  parts  of  America  *. 

2«  Copper  oxidated  and  mineralized  by  the  carbonic 
add.  ITiere  are  feveral  varieties  of  native  carbonate  of 
copper. 

^nifties. 

A*  Red  copper,  or  htpatic  coppet  ore.  This  ore 
is  diflinguifhed  by  its  dark  red  colour,  like 
the  colour  of  the  fcales  which  fall  off  from  cop- 
per made  red-hot,  and  then  ftruck  with  a  ham- 
mer.   M.  Monnet  confiders  this  ore  as  a  na- 

F  3  tural 

*  Alb  in  different  places  m  England,  Scotland,  and  Walef,  at 
SiiomiaoTf  xn  Thurine-a,  &c. 
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Varieties* 

tural  oxide  of  copper;  It  is  generally  mixed 
with  native  copper  and  mountain  green :  it  is 
not  very  plenteous  ;  fometimes  it  is  found  in 
od:ahaedral  cryflrals^or  fiiky  fibres  called  ^ra^rx 
rf  copper. 
B.  Earthy  copper^  mountain  green^  or  green  cbryfocoU 
la^  This  ore  is  a  genuine  oxide  of  copper,  of 
a  lighter  or  a  deeper  green,  not  heavy,  and  un- 
equally difperfed  within  its  gangue*  It  appears 
from  the  analyfis  of  the  malachite,  made  by 
the  Abbe  Fontana,  to  be  combined  with  car- 
bonic acid.^  This  ore  is  fometimes  very  pure. 
It  may  be  confidered  as  exifting  m  three  differ- 
ent dates* 

Simple  mountain  green^  earthy  or  impure,  call- 
ed alfo  green  chryfocoUa. 

Mountain  green  in  cryftals,  or  ftlky  copper  of 
China.  This  ore,  which  is  common  enough  in 
Vofges  and  Hartz,  is  likewife  found  in  China. 
It  is  pure,  and  cryflallized  in  long  filky  bundles 
of  no  fmall  folidity. 

Mountain  green  in  flala^tes,  or  malachite. 
This  fubftance,  which  is  found  in  confiderable 
abundance  in  Siberia,  confifts  of  layers  in  the 
form  of  nipples,  of  various  fizes :  fome  of  the 
fpecimens  confift  of  needles  converging  towards 
a  common  centre.    The  different  layers  have 
not  all  precifely  the  fame  fhade  pi  green.    Th^- 
malachite  is  hard  enough  to  take  a  fine  polifh  9 
and  various  toys  are  made  out  of  it ;  but  as  L^ 
is  often  porous^  and  full  of  unequal  cavities?  ^ 

th 
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the  iblid  pieces  are  always  the  moil  valuable 
when  they  come  up  to  a  certain  (ize. 
C.  Mountain  blue^  or  blue  cbrjfocolla.  This  is  an 
oxide  of  copper  of  a  deep  blue  colour ;  it  is 
fometimes  in  a  regular  form,  and  in  rhomboidal 
prifmatic  cryftals  of  a  very  beautiful  blue.  It 
is  then  called  copper  azure.  At  other  times,  it 
is  found  in  fmall  grains,  depofited  in  the  cavi- 
ties of  different  gangues,  more  efpecially  in 
quartz*  Generally,  however,  it  is  in  thin  layers, 
in  the  cavities  of  grey  and  yellow  copper  ores. 
It  appears,  that  all  thefe  oxides  of  copper  have 
been  precipitated  from  fulphuric  folutions  of 
this  metal  by  the  intermedium  of  calcareous 
earths,  through  which  the  waters  containing 
them  flow.  M.  Sage  confiders  thefe  blue  cop- 
per ores  as  combinations  of  copper  with  am- 
moniac ;  and  fays,  that  they  differ  from  it  on- 
ly in  being  infoluble.  He  likewife  thinks,  that 
the  malachite  is  nothing  but  this  blue,  which 
he  calls  tranfparent  azure  copper  ore,  with  a 
fmall  alteration*  But  this  opinion  is  not  gene- 
rally received  among  the  mineralogids.  M.  de 
Morveau  thinks,  that  the  blue  differs  from  the 
green  oxide  of  copper  only  in  containing  a 
fmaller  proportion  of  oxigene. 

The  blue  oxide  of  copper  feems  to  be  the 
matter  which  colours  certain  flones ;  the  tur- 
quois  ftone  particularly,  in  which  Reamur 
found  copper,  appears  to  owe  its  colour  to 
this  caufe,  as  well  as  the  Armenian  ftone,  the 

F  4  bafc 


88f  Of  Copper. 

Varieties. 

bafe  of  vfhich  is  calcareous  carbonate,  or  fal- 
phate  of  lime.  Mr  Kirwian  makes  a  fpecies  of 
copper  ore  of  thefe  blue  ftones.  The  turquois 
k  formed  of  animal  bones,  coloured  by  cop- 
per. According  to  Reamur,  the  Fbrfian  tur- 
quois  is  not  liable  to  fafier  from  the  attacks  of 
the  nitric  acid.  The  fame  acid  entirely  diC- 
folves  the  lurqnois  of  LangueddC. 

3.  Copper  mineralized  by  the  nniriatrc  stcid  and 
combined  M^ith  clay.  M.  Werner  fpeaks  of  this  ore  in 
iiis  tranflation  of  Cronftedt.  It  has  been  confounded 
with  talc  ;  and  a  perfon  of  the  name  of  Dans  expofed 
it  to  fale  at  Paris  in  the  year  1784,  under  the  name  of 
green  mica.  It  is  in  fmall  cry  flak  of  a  beautiful  green 
colour,  or  in  fmall  fparkling  fcales.  Mr  Forfter  found 
fpecimens  of  this  in  the  mines  of  Johan  Georgenftadt. 
The  green  copper  fand  brought  from  Peru  by  M.  Dom- 
bey  feems  to  belong  to  this  fpecies  of  copper  ore ;  on 
analyfmg  it,  I  have  found  it  to  contain  a  little  muriatic 
acid. 

4«  Copper  mineralized  by  fulphur  ahnoft  without 
iron.  It  is  called  vitreous  copper  ore ;  but  the  name  i$ 
very  improper.  It  is  dark-grey,  violet,  brown,  green* 
ifl),  or  entirely  brown  and  liver-colour.  A  very  mo- 
derate heat  melts  it.  It  is  ponderous,  fometimesk 
flexible,  and  always  of  fuch  a  confiftency,  that  it  maf^ 
be  cut  with  a  knife.  Iti  its  frafture  it  appears  brilliant: 
like  gold.  It  is  one  of  the  richeft  copper  ores  ;  for  it: 
affords  no  lefs  than  90  pounds  of  copper  in  the  hundred: 
weightt 

5.  Copper 
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5.  Copper  mineralized  by  fulphur  with  more  iron 
incn  is  contained  in  the  fpecies  immediately  preceding  ; 
fznrie  copper  ore. '  It  differs  from  the  lad  only  in  con- 
taining about  30  pounds  to  the  hundred  weight ;  it  af- 
fords only  from  50  to  60  pounds  of  copper  in  the  hun- 
Ired  weight ;  the  reft  is  fulphur.  Thefe  two  ores  may 
be  aflayed  i>y  acids. 

6.  Copper  mineralized  by  fulphur  with  a  good  deal 
of  iron ;  brilliant  or  yellow  golden  pyrites.  The  qua&« 
tity  of  the  fulphur  and  the  copper  varies  greatly  in  this 
ore  ;  the  iron  is  always  in  a  very  confiderable  propor- 
don.  It  exifls  in  the  earth  in  veins  more  or  lefs  eonfi- 
derable.  This  ore  is  fometimes  maify  and  dark^  often 
fcaly,  and  feemingly  micaceous.  Such  is  the  form  of  ^ 
tfiat  of  Denmark,  Norway,  Sweden,  and  St  Marie-aux- 
Mines.  On  other  occafions,  this  ore  is  dlfperfed  in  its 
gangue,  as  the  copper  of  Alface  ;  it  is  then  called  fpeck^ 
kd  capper  ore.  This  variety  is  often  mixed  with  a  little 
izme;  coppery  pyrites  exhibit  very  brilliant  colours 
on  their  furface,  cither  blue  or  violet,  which  are  ow- 

•  •  •  _ 

*ng  to  the  decompofition  of  their  principles.  They  are 
then  called  copper  with  a  waving  ligbt'^  or  peacock-taii 
c<^per  ores.  They  ufually  contain  a  great  quantity  of 
fulphur,  a  little  iron ;  and  in  copper  they  are  not  very 
rich.  When  thefe  ores  are  only  fuperficially  difperfed 
:>n  the  gangue,  they  are  more  particularly  diflinguiihed 
by  the  name  of  ccpper  pyrites  :  Of  which  kind  arc  the 
Dres  of  Derby fliire  in  England,  fome  of  thofe  of  St  Bel 
in  the  Lyonnois,  and  a  number  in  the  mines  of  Alface, 
^  at  Caulenbach  and  Feldens.  They  are  befides  found 
adhering,  to  gangues  of  all  forts,  rock-cry ilal,  quartz, 
par,  fchiftus,  and  mica,  &c. 

1  7,  Go^^cx 
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t2inslroiii  14  to  20  pounds  of  copper  in  the  hundred 
weight. 

To  aflay  a  oc^per  ore,  after  being  pounded  and  wafh'* 
d,  it  muft  be  fubjeded  to  long  roafting  by  an  intenfe 
heat,  and  melted  with  four  times  its  own  weight  of  black 
flux  and  marine  fait.    The  button  thus  obtained,  which 
is  often  blackened  with  a  refidue  of  the  fulphur,  is  next 
to  be  melted  with  four  parts  of  lead,  and  paiTed  into  a 
copd,  where  the  filver  and  gold  which  it  contains  may 
be  feparated  ;  for  there  is  but  very  little  copper  which 
does  not  contain  fome  portions  of  thefe  precious  me« 
tals.    M.  Tillet's  flux,  which  is  a  mixture  of  two  part* 
of  pounded  glafs,  with  one  of  calcined  borax,  and  an 
^ghth  of  coal,  fucceeds    better  in  reducing  this   me* 
^  than  black   flux;   for  the  black  flux  forms  an  al- 
kaline fulphure,  which  diflblves  a  part  of  the  oxide  of 
copper. 

Bergman  recommends  the  fulphuric   and  the  nitric 
^cids  for  aflaying  copper  ores  in  the  humid  way.    When 

Ae  copper  has  been  diflblved  by  the  acids,  it  is  then  pre- 

^pitated  by  iron 

In  working  copper  ores  in  the  great  way,  tliey  are 

^^"11  pounded  and  wafiied  ;  they  are  then  roafted  at  the 

^^ft  in  the  open  air,  and  almoft  \^iihout  wood ;  for 

^ben  the  fulphur  which  they  contain,  is  once  kindled, 

* 

^^    bums  away  of  itfelf.     When  it  ceafes  to  burn,  the 

^^c  is   then  roafted  anew,  and  even  twice  fucceffively 

^ti  wood,  in  order  to  obtain  what  is  called  tke  mat  of 

Copper.     This  is  the  ore  after  it  has  loft  only  a  portion 

^f  the  fulphur  which  it  contained.     The  fufion  to  which 

it  is  fubjccled    ferves   to   make   it  expofe   its  furiaces 

more  entirely  ..tp  the  heat;  in  confequence  of  which  it 

I  is 
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18  more  thoroughly  roafted^  It  is  expofed  to  fix  Of 
feven  fucceflive  roaftings,. according  as  it  contains  more 
or  lefe  fulphur,  and  is  then  melted  mta  black  copper. 
This  copper  is  malleable :  (lilly  however^  there  is  fSo 
much  fulphur  united  with  it,  which  cannot  be  fbparated 
without  extracting  at  the  fame  time  the  perFe£l  me« 
tals  which  it  contains.  The  black  copper  is  mehed  with 
three  times  its  quantity  of  lead,  which  is  called  refrejh* 
ing  the  copper ;  and  this  mixture  is  moulded  into  the 
ibrm  of  loaves,  which  are  called  loaves  of  eiiquation* 
Thefe  are  inftantly  placed  on  two  plates  of  iron,'  incli- 
ned  fo  as  to  leave  a  gutter  between  them.  They  tef'- 
minate  immediately  over  the  furnace  of  eliquation  ;  the 
under  part  of  which  flopes  forward.  Thfe  fir*  undet 
the  plates  heats  the  loaves :  the  lead  melts,  and  runs 
under  the"  coals,  carrying  with  it  the  filver  and  the 
gold,  with  which  it  has  a  greater  affinity  than  with 
copper.  After  this  operation,  the  cakes  are  found  to 
be  confiderably  diminifhed,  and  to  have  loO:  their  fhape* 
ITiey  are  now  expofed  to  a  ftronger  fire  ;  the  heat 
of  which  is  fo  intenfe  as  to  melt  the  copper,  fo  far  that 
it  may  be  entirely  feparated  from  the  lead.  This  third 
operation  is  called  fin  French)  rejfuage.  The  lead,  with 
the  perfeft  metals,  is  taken  to  the  cupel.  As  to  the 
copper,  it  is  refined  by  melting  it  in  a  crucible,  and 
fuffering  it  to  fland  fo  long  melted,  that  it  may  throw 
up,  in  a  fcum,  any  extraneous  matters  which  it  con* 
tains.  It  is  affayed  by  dipping  into  it  iron  rods,  which 
take  up  a  little  copper ;  and  from  its  being  more  or 
lefs  of  a  bright  red  colour,  a  judgment  is  formed  of  the 
purity  of  the  metal.  Copper  thus  refined  is  run  intcJ 
plates,  or  divided  into  rofettes.    To  form  a  rofette,  the 
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Iboiias  with  which  copper  ia  fafion  is  covered  are  care* 
fidij  taken  off«  The  furface  of  the  metal  is  fuflfered 
to iiettle and  fixi  when  it  ceafes  to  be  fluid,  it  is  fwee{^ 
cd  orer  with  a  wet  belbm  ;  The  imprei&oa  of  cold 
coodads  it.  Tlie  poition  congealed  feparates  not  only 
book  the  edges  .^of  the  cradUe,  but  likewife  from  the 
nft  of  die  melted  metal,  and  is  taken  oflf  widi  pincers. 
Moft  part  of  the  dopper  in  the  crucible  is  thus  taken 
^  in  rofottef.    What  remains  at  the  bottom  is  called 

Cupreous  pyrites,  containing  but  little  of  the  metal, 

2te  wrought  ilcdely  lor  the  fulphur  and  the  vitriol.    At 

St  Bell,  and  in  many  other  phces,   they  are  soafted 

and  diftillcd,  in  order  to  feparate  the  fulphor.    During 

die  roafUng,  a  portion  of  the.  fulphnric  add  ads  on  the 

i&etal,  diffi>lves  it,  and  thus  begins  to  form  a  fulpbate 

of  copper.    The  roafted  pyrites  are  next  ezpofed  to  the 

^  ;  and  when  die  mtriolizatim  is  ended,  die  pyritous 

^orefcence  is  lixiviated,  the  lixivium  filtrated  and  eva- 

pc^vuted,  in  order  that  it  may  afford  a  blue  rhomboidal 

*ilt  in  cryftab,  called  vitriol  cf  copper ^  blue  vitriol^  blue 

^9Pperas^  or  vitriol  of  Cyprus.     We  fhall  fpeak  of  it  when 

^^^  come  to  examine  the  comtMuations  of  this  metal, 

^xvder  the  name  of  fulpbate  of  coj^er. 

Copper,    when    expofed  to   fire,    takes  nearly  the 

\t  colours  with  (ted :  it  becomes  firft  blue,  then  yd- 

^^w,  and  at  laft  violet.    It  does  not  melt  unlefs  when 

^'^^ry  red.    When  fully  in  fufion,  it  appears  covered  over 

^^ith  a  green  flame :  it  boils,  and  is  capable  of  voIadli« 

Nation,  as  may  be  obferved  in  the  cbimnies  of  founders. 

^Chere  are  alio  found  flowers  of  copper  in  the  crucibles 

te  which  it  is  fmeked.    Small  filings   of  this  metal, 

vhii:a 
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when  thrown  into  the  flames,-  give  thetn  a  blue  and  green 
colour.  It  is  ufed  in  artificial .  fire-\vorks,  on  account 
of  this  property.  If  this  melted  metal  be  flowly  cooled, 
and  the  fluid  portion  decanted  off,  that  which  adheres 
to  the  fides  of  the  crucible,  or  i  roafting  pot,  employed 
in  the  experiment,  is  found  in  pyramidal  cryftals; 
which  are  larger  and  more  Tegular  in.  proportion  as  the 
fufion  of  the  metal  has  been  more,  comi^te,  and  its 
cooling  more  flowly  brought  on.  The. pyramids  are 
quadrangular,  and  appear  to  confift  of  a  number  of 
odahaedrons  difpofed  one  x)Yer  another. 

Copper  heated  in  contafl:  with  air,  burns  at  the  fur« 
.face,  and  changes  into  a  blackifli  red  oxide,  as  it  abforbs 
the  bafe  of  vital  air.     This  oxide  may  be  eafily  obtain- 
isd  by  making  a  copper-plate  red-hot,  and  then  ftrikin^ 
it  with  a  hammer  ;  the  oxide  comes  off  in  fcales.     The 
fame  thing  takes  place  when  a  copper-plate  is  dippied 
.in  cold  water,  after  being  made  red-hot.    The  fuddea 
contradion  of  the  parts  of  the  metal  contributes  to  the 
feparation  of  the  oxide  which  covers  its  furface.     The 
oxide  falls  to  the  bottom  of  the  water ;  it  is  c^W^difcaks 
of  copper.     As  the  copper  is  not  completely  oxidated,  it 
may  be  burnt  anew  under  the  muffle  of  a  cupellii^g 
furnace ;  it  then  takes  a  pretty  deep  brown  colour ; 
when  urged  with  a  violent  heat,  it  melts  into  a  blackifli 
or   brown  .  chefnut-coloured  glafs.      Oxide  of  copper 
may  be  decompofed,  and  deprived  of  its  oxigene,  which 
deflroys   its  metallic   properties,   by   oils,   refins,   &c. 
The  fcales   are  in  part  reducible  by  themfelves;  for 
founders  buy  them   from   copperfmiths,   and   ufe  no 
means  for  their  redudion  but  throwing  them  into  large 
crucibles,   above  melted  copper,  with  which,  as  they 
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mdt,  tfaey  enter  into  union.  The  filings  of  this  me- 
tal are  melted  in  the  fame  way.  Oxide  of  copper 
appears  to  poflefs  foihe  faline  properties;  bat  its  na- 
ture, as  a  lalt,  has  not  yet  been  the  fubjed  of  exami- 
nation. 

Air  ads  npon  copper ;  and  the  more  eafily,  the  more 
it  is  loaded  with,  and  altered  by  moifture.  It  converts 
it  into  a  ruft,  or  green  oxide,  which  appears  co  have 
fome  laline  properties  ;  it  has  a  tafte,  and  is^  liable  to  be 
aded  upon  by  water:  Such  was  the  reafon  which  in- 
duced the  ancient  chemifts  to  confider  copper  as  contain- 
mg  a  fait.  One  thing  remarkable  with  regard  to  this 
ialt  is,  that  it  never  penetrates  deeper  than  the  furface, 
and  feems  to  contribute  to  the  prefervation  of  the  inte- 
Tbr  parts  of  a  mafs  of  this  metal ;  as  may  be  inferred 
from  the  flate  of  ancient  medals  and  flatoes,  which  are 
wdl  preferved  under  the  coat  of  ruft  with  which  they 
2re  covered.  Antiquaries  call  that  ruft  patina^  and  fet 
^  high  value  on  it ;  becaufe  it  is  a  proof  of  the  anti- 
quity of  thofe  pieces  which  are  covered  with  it.  There 
2fe  many  artifts,  efpecially  Italians,  who  know  how  to 
^tate  this  ruft  on  copper ;  and  thus  counterfeit  an- 
^'cnt  pieces  of  bronze. 

The  oxidation  of  copper  by  humid  air,  appears  to  be 
^^^g  to  water  in  a  ftate  of  extreme  divifion.  This 
"^Ud,  however,  does  not  appear  to  attack  copper  in  the 
'^xne  manner  as  iron  at  an  high  temperature.  It  (hould 
lather  feem,  that  cold  water  oxidates  the  metal ;  for  it 
^  known  to  be  more  dangerous  to  leave  liquors  to  cool, 
^^^n  to  boil  them  in  copper  veflfels.  When  the  liquor 
*^  boiling,  and  the  veflfel  hot,  the  aqueous  vapour  does 
^^t  attack  the  furface  of  the  metal ;  but  when  the  li- 
quor 
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qaoT  is  cold,  the  drops  which  adhere  to  the  fides  of  the 
^eflfel  appear  to  reduce  the  copp^  to  a  green  oxide* 
This  oxidation  may  be  therefore  afcrihed,  with  great 
probability,  to  the  operation  of  the  air,  an4  the  carbo- 
nic  acid  diffufed  through  it ;  for,  on  diftiliing'this  ruft 
of  copper  in  a  pneumato-ctiemical  apparatus^  I  obtained 
from  it  carbonic  acid. 

Copper  does  not  combine  with  earthy  matters.  Its 
oxide,  however,  contributes  to  their  fufion,  and  com- 
bines with  them  to  form  brown  glafles  of  a  lighter  or  a 
deeper  ihade. 

Barytes,  magneda,  and  lime,  z€t  not  in  a  difcernible 
manner  on  copper  :  we  know  not  how  they  a&  on  the 
oxide  of  this  metal. 

■ 

Cauilic  fixed  alkali,  digeded  cold  with  filings  of  .cop- 
per, aflfumes  in  a  certain  time,  a  very  light  blue  ihade ; 
and  the  copper  is  covered  over  with  a  du(t  of  the  fame 
colour.  According  to  M.  Monnet,  thefe  folutions  are 
better  effe£ted  in  cold  than  in  heat.  It  is,  however,  of 
importance  to  obferve,  that  he  made  the  combination 
with  carbonate  of  potaih,  not  with  pure  fixed  alkaU. 
Pure  fixed  alkali  feems  to  have  much  more  influence 
on  copper :  But  neither  of  thefe  falts  does  any  thing 
more  than  promote  and  haften  the  precipitation  of  the 
oxigene  of  the  atmofphere  into  copper  ;  for  the  oxida- 
tion never  takes  place  without  the  concourfe  of  air. 

This  phccnomenon  is  more  efpecially  remarkable, 
when  ammoniac  is  brought  into  contact  with  copper ; 
on  which  occafion  the  metal  is  very  foon  diffolved. 
When  ammoniac  is  digefted  on  filings  of  copper,  with 
concourfe  of  air,  it  takes,  in  a  few  hours,  a  very  beauti- 
ful deep  blue  colour  ;  there  is  not,  however,  much  of 

the 
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iiie  copper  diflblred.  I  have  for  a  year  obfenred  the 
ifaEnomena  of  this  (bladoa.  I  pot  into  a  fmall  phial  a 
portian  of  the  canftic  ammoniac  mth  copper  filings ; 
die  phial  was  c^en  anftopped.  At  the  end  of  fomc 
««^^^^^  I  firand  die  iaxhcc  of  the  metal  covered  with 
abbieoKidec  its  fides  were  coated  with  a  pale  blue 
oxide  ;  and  the  under  part  of  the  phial,  containing  the 
copper^  di^lajed^  at  the  forface  of  the  gbfs,  a  brown 
oodde,  die  upper  part  of  which  was  yellowiih.  When 
die  phial  containing  this  liquor  is  clofely  (lopped,  the 
liquor  lofes  its  coloiH*  alou^  entirely ;  but  whenever 
die  phial  is  unftopped,  it  appears  again.  It  does  not 
eidiibit  this  pbamomenon  in  an  eminent  degree,  except 
in  the  beginning  of  the  operation,  and  when  it  is  de« 
canted  off  the  a^er.  If  the  fokition  be  not  newly 
Bade,  and  ftSl  contain  copper,  it  is  of  a  beautiful  blue 
colour,  even  in  dole  veflels ;  however,  when  expofed 
to  the  air,  its  colour  becomes  ftiU  deeper.  Thefe  phse- 
aomena  (how  the  influence  of  the  ozigene  of  the  at- 
no^ihere. 

When  the .  fblution  of  copper  by  ammoniac  is  flowly 
craporated^  mod  part  of  the  fait  is  difSpated  ;  a  portion, 
however,  remains  fixed  with  the  oxide  of  the  metal, 
^  is  depofited  in  foft  cryftals  ;  as  has  been  obferved 
bf  M.  Monoeti  M.  Sage  afierts,  that  very  beautiful 
ctyftab  may  be  obtained  from  this  folinion  by  flow  eva- 
pvation ;  and  compares  them  to  natural  azure  of  cop* 
P^*  This  laft  fubftance,  however,  affords  no  ammoniac 
^"^  heated ;  is  not  foluble  in  water ;  and  does  not 
™orcfce  in  the  air,  like  that  which  is  artificially  pre- 
P^cd.  M.  Baum6  fays,  this  compound  forms  very  briU 
liiot  cryftals  of  a  very  beautiful  blue  colour,  lliis  fo- 
VoL.  UL  G  lution^ 
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lution,  when  cxpofcd  to  the  air,  becomes  very  foon  dry  ; 
and  what  remains  is  a  matter  of  a  grafs«green  colour, 
which  can  be  nothing  but  a  green  oxide  of  copper.  M. 
Sage  thinks  this  the  origin  of  the  malachite :  but  this 
oxide  does  not  afford  near  fo  much  carbonic  ^cid  as 
the  malachite.  An  acid  poured  into  the  folution  of 
copper  by  liquid  ammoniac,  produces  fcarce  any  preci- 
pitate, but  changes  the  blue  colour  of  the  folution  into 
a  very  light  pale  green.  This  phaenomenon,  which  has 
been  obferved  by  Meffrs  Pott  and  Monnet,  (hows,  that 
there  is  but  very  little  oxide  of  copper  in  the  ammoniac, 
and  that  it  is  again  diffblved  by  the  acid,  or  by  the  am* 
moniacal  fait,  formed  by  the  addition  of  the  acid.  By 
adding  ammoniac  to  the  mixture,  however,  it  may  be 
made  to  refume  its  blue  colour.  Both  the  oxide  of 
copper  reduced  to  this  (late  by  fire,  and  all  the  other 
oxides  of  this  metal,  are  inftantaneoufly  diiTolved  in 
purfe  ammoniac  ;  and  the  fait  may  be  thus  impregnated 
with  a  confiderable  portion  of  the  metal.  It  takes  im« 
mediately  a  very  beautiful  blue  colour;  and  on  this 
account  it  has  been  propofed  to  ufe  it  as  a  teft  for 
afcertaining  the  prefence  or  abfence  of  copper  in  fub- 
ilances  in  which  i^  may  be  fufpeded  to  exift. 

Ammoniacal  oxide  of  copper,  or  oxide  of  copper 
united  with  ammoniac,  is  decompofed  into  its  two  con- 
flituents,  when  expofed  to  an  intenfe  heat.  The  oxi- 
gene  leaves  the  copper  to  unite  with  the  hydrogene  of 
the  ammoniac,  and  to  form  water  ;  the  copper  returns 
to  its  metallic  ftate,  and  the  azote,  the  other  principle 
of  ammoniac,  is  difengaged  in  the  form  of  gas.  This 
experiment  is  one,  among  others,  which  led  M.  Berthol- 
\^\.  to  difcover  the  nature  of  ammoniac.    It  appear^ 
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alfi),  that  a  fitde  nitre  is  likewife  formed  at  the  fame 
tune  by  the  union  of  the  azote  of  the  ammoniac  with  a 
portioa  of  the  oxigene  of  the  coppen 

Thoogfa  iron  decompofes  the  folutions  of  copper,  in 
fafty  however,  by  a  different  attradion,  namely,  that  of 
theircm  for  the  oxigene,  the  fulphuric  acid  does  not 
aft  on  copper,  except  when  concentrated  and  boiling  ; 
a  good  deal  of  fulphureous  gas  is  difengaged  while  this 
IblDtion  takes  place.  When  the  folutiou  is  comr>leted, 
Ae  two  fuhftances  are  fonnd  to  have  tormed  a  matter 
of  the  confiftency  of  jeUy«  containing  oxide  of  copper 
bjitfelf,  and  a  portion  of  that  oxide  in  combination 
vith  fulphuric  acid.  By  lixiviating  this  matter,  and  fil- 
tntiiig  the  lixivium,  a  blue  folution  is  obtained  ;  when 
evaporated  to  a  certain  poiot,  and  fuffered  to  cool,  this 
£)lati(m  afibrds  4>blon^  rhomboidal  <:ryftals  of  a  beauti- 
fill  blue  colour,  which  are  fulphate  of  copper.  If,  in- 
ftead  of  being  evaporated,  this  folution  be  left  for  a 
^osi%  time  expofed  to  the  air,  it  affords  cryflals ;  but 
it  likewife  precipitates  a  green  oxide, — the  colour  which 
all  oxides  of  copper  take  that  are  either  formed  or  dried 
in  the  air. 

Sulphate  of  copper  has  a  very  (Irong  (liptic  tafle  ;  it 
M  CTcn  cauftic.  When  expofed  to  lire,  it  melts  very 
quikly :  it  lofes  its  water  of  cryftallization,  and  takes 
a  bluifli  white  colour.  A  very  ftrong  heat  is  requifite 
tofepaxate  the  fulphuric  acid,  which  adheres  much  more 
obftinately  to  oxide  of  copper  than  to  oxide  of  iron. 
Sulphate  of  copper  is  decompofed  by  raagnefia  and  lime: 
^  precipitate  formed  by  either  of  thefe  fubftances  is  of 
abluilh  white  colour :  when  dried  in  the  air,  it  becomes 
Fccn;  on  this  account,  chemifts  defcribe  the  precipi- 
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tates  of  fufphate  of  copper  as  green.  The  cafe  is  ab^ 
folutely  the  fame  with  thofe  which  are  obtained  by  fix- 
ed alkalis  in  different  dates  ;  they  are  at  fird  bluiih,  and 
take  a  green  colour  when  dried :  perhaps  mountain  green 
may  be  formed  in  this  manner.  It  is  of  confequence 
to  obfervcj  that  when  fulphate  of  copper  is  precipitated 
by  a  folution  of  carbonate  of  potafh,  there  is  no  effer* 
Tefcence  excited )  a  circumftance  which  proves  that  the 
carbonic  acid  unites  very  readily  with  oxide  of  copper. 
This  phaenomenon  is  not  common  to  all  folutions  of 
metals.  Ammoniac  in. the  fame  manner  caufes  fulphate 
o{  copper  to  yield  a  bluUh  white  folution  ;  but  the  mix- 
ture foon  takes  a  very  deep  blue  colour ;  for  thc^ 
ammoniac  diiTolves  in  fome  meafure  the  precipitated^ 
copper ;  and  a  very  little  of  that  fait  is  fufficient  t» 
diflblve  again  the  whole  of  the  copper  feparated  from, 
the  fulphuric  acid. 

The  nitric  acid  diffolves  copper  cold,  and  with  rapi-» 
dity.  A  good  deal  of  very  high-coloured  nitrous  ga^ 
is  difengaged  from  this  folution.  This  method  !> 
Prieftley  employed  in  order  to  obtain  this  gas  very 
flrong.  A  portion  of  the  metal,  reduced  to  oxide,  is  pre* 
cipitated  in  a  brown  powder,  and  feparated  from  the 
folution  by  filtration.  This  folution,  after  being  filtra- 
ted, appears  of  a  much  deeper  blue  colour  than  the  fo- 
lution  of  copper  by  the  fulphuric  acid  ;  which  ihows 
that  the  copper  is  here  more  completely  oxidated.  This 
folution,  carefully  evaporated,  cryftallizes  by  cooling. 
Macquer,  in  his  Memoir  on  the  folubility  of  falts  in  al- 
cohol, was  one  of  the  firft  chemifts  who  obferved  this  faft. 
If  the  cryftals  be  very  flowly  formed,  they  become  ob- 
long parallelograms ;  if  depofited  more  quickly,  hexa^ 
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btdral  prifms,  the  points  of  which  are  obtrufe  and  irre- 
gularij  formed,  and  which  appear  like  bundles  of  diver- 
gent needles.     Laftly,  when  this  folution  is  too  quickly 
evaporated,  it  affords  only  a  magma  of  no  regular  form. 
This,  no  dlxibt,  is  what  has  made  chemifts  fay,  that  the 
Umm  is  not  fufceptible  of  cryftallization.    Nitrate  of 
Qfper  is  of  a  rery  bright  blue  colour.    It  is  fo  cauftic^ 
ihtt  it  may  be  applied  to  corrode  excrefcences  growing 
00  die  ikio«    It  melts,  according  to  M  Sage,  at  a  tem- 
poatore  of  77®  degrees,  of  Fahrenhdt's  thermometer. 
It  detonizes  on  burning  coals ;  but  as  it  contains  a  good 
deal  of  water,  the  phaenomenon  is  not  vefy  difcemible. 
When  melted  in  a  crucible,  it  exhales  a  good  deal  of 
ttnms  Taponr,  vfhidi  may  be  coUeded  by  diftilling  it ; 
^iiea  dried,  its  colour  is  green ;  when  ftill  farther  ur- 
ged mh  heat,  it  becomes  brown ;  it  is  now  nothing  but 
pore  oxide  of  copper^    I  have  diftilled  a  quantity  of  it 
^  a  poeumato-chemical  apparatus^  and  it  afforded  a 
pod  deal  of  nitrous  gas,  a  little  carbonic  acid,  and  a 
ntde  vital  air:  by  this  operation  it  was  reduced  into 
™c  Bate  of  brown  oxide.    Nitrate  of  copper  attrads  the 
*^iire  of  the  atmofphere*     It  may,  however,  be  pre- 
ferred for  a  long  time  in  clofe  veffels.     When  expofed 
^  a  hot  dry  air,  it  is  covered  ever  with  a  green  cfflo- 
''^fccncc.     It  is  very  Ibluble  in  water,  and  rather  more 
'^''uble  in  hot  than  in  cold  water.     The  folution,  if  ex- 
P^^^cd  to  the  air  in  flat  veflfels,  or  haiUly  evaporated  in 
™>  warm  weather,  leaves  a  green  oxide,  fuch  as  the 
^^^ffak  of  the  (alt  leave  on  a  fimilar  occaCon.     Lime 
''^^kes  it  yield  a  pale  blue  precipitate ;  fixed  alkali,  a 
^^'^Jifli  white  precipitate ;  by  ammoniac  it  yields  fiakes 
^^  the  fame  colour,  which  are  rcry  quickly  dijlcjlvcd, 
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and  communicate  to  the  liquor  a  very  bright  deep  btufe 
tinflure.  Its  precipitate  by  alkaline  fulphures  is  of  a 
brownifli  red  colour,  without  a  foetid  fmell ;  with  Ac 
tinfture  of  nut-gall,  it  gives  an  olive  green  precipitate. 
The  fulphuric  acid  likewife  decompofes  nitfate  of  cop- 
per ;  and  if  it  be  employed  in  an  highly  concentrated 
flate,  cryftals  of  fulphate  of  copper  are  obtaiaed.  Stahl 
firft  took  notice  of  this  decompofition  ;  M.  Monnet  has 
iince  confirmed  the  fad:  related  by  Stahl ;  and  I  have 
feveral  times  had  occaiion  ta  obferve  it.  Iron  has  been 
laid  to  have  a  greater  afGnity  than  copper  with  meft  of 
the  acids.  When  a  plaie  of  this  mets^  is  immerfed  into 
a  folation  of  copper  in  the  acids^  particularly  in  the 
nitric  acid,  the  copper  is  precipitated  in  a  metallic  form, 
and  colours  the  furface  of  the  iron  ;  but  the  iron 
effects  this  precipitation  in  confequence  of  its  having  a 
flronger  affinity  with  oxtgene  than  copper  has.  The 
copper  again,  after  lofing  this  principle,  can  no  longer 
remain  united  with  the  acid,  whilft  the  iron,  after  being 
oxidated,  readily  continues  with  it.  Sulphate  of  copper 
difplays  the  fame  phaenomenon ;  and  jugglers,,  by  thiB 
procefs,  make  ignorant  people  believe  that  they  caa 
change  iron  into  copper. 

The  muriatic  acid  diffolves  copper  only  when  con^ 
centrated  and  boiling ;  only  a  very  little  hydrogenous . 
gas  is  difengaged  when  this  folution  takes  place.^  The 
muriatic  acid  takes  a  very  deep  green,  almoft  a  brova 
colour.  This  combination  forms  a  magma,  which  dif- 
folves readily  enough  in  water ;  if  this  magma  be  lixi« 
viated,  the  water  is  of  a  beautiful  green  colour  ;  a  cir- 
cumftance  which  ferves  to  diftinguifli  this  from  the  two 
preceding  folutions.     On  evaporating  it  flowly,  and  fuf- 
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fcring  it  to  cool,  it  depofites  prifmatic  cryftals  fufficient^ 
Ij  regular,  if  the  evaporation  have  been  cautioufly  ma- 
naged; but  if  the  evaporation  has  been  too  quick,  and 
the  cooling  too  fudden,  they  then  appear  under  the  form 
of  fery  fbiaU  (harp  needles.     Muriate  of  copper  is  of  a 
gralt'green  colour,  very  pleafmg  to  behold :  its  tafte  is 
ooftic,  and  very  aftringent ;  it  melts  by  a  very  mode- 
rate beat,  and  when  fuffered  to  cool,  congeals  into  a 
mais.    M.  Monnet  affirms,  that  the  muriatic  acid  ad* 
heres  to  it  with .  great  obftinacy,  and  that  a  very  con- 
fiderabie  heat  muft  be  applied  to  volatilize  it :  it  power^' 
&lly  attrads  the  moifture  of  the  atmofphere ;  it  is  de- 
cooq)o(able  by  the  lame  intermedia  which  decompofe 
Ae  preceding  falts  of  copper*     I  have  obferved,  that 
unnumiac  does  not  diflblve  the  oxide  which  it  feparates 
fiom  the  muriatic  acid,  fo  readily  as  that  which  it  fe<- 
pirates  from  the  fulphuric  and  the  nitric  acids.     The 
\       Uoe  then  formed  is  not  fo  lively,  and  there  remains  a 
portion  of  the  oxide,  which  the  ammoniac  does  not 
thoroug^y  diflblve.     Neither  the  fulphuric  nor  theni* 
^  acid  decompofes  muriate   of  copper.     The  nitric 
Motions  of  mercury  and  filver  decompofe  it,  and  are 
^^mfelves   decompofed  at  the  infiant  of  the  mixture* 
-^  white  precipitate  is  formed  in  confequence  of  the 
ic  acid  uniting  with  the  oxide  of  mercury  or  fiU 
;  and  the  oxide  of  copper  combines  with  the  nitric 
*^id.  •  I  have  however  obferved,  that  this  liquor  does 
'^^M  aflume  the  blue  colour  which  a  folution  of  copper 
y  the  acid  of  nitre  ought  to  have  j  and  that,  in  gene* 
^^  the  oxide  of  copper  formed  by  the  muriatic  acid^ 
^^^)es  not  afiiime  this  colour  but  with  great  difficulty,  as 
have  already  feen  with  regard  to  ammoniac.    I  have 
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found,  that  in  general  oxides  of  copper  pafe  very  eafity 
from  blue  to  green,  and  with  very  great  difficulty  fronf 
green  to  blue.  The  muriatic  acid  diflblves  oxide  of 
copper  much  eafier  than  copper  itfelf.  This  has  been 
obferved  by  Brandt.  The  colour  of  the  folution  is  a 
beautiful  green  ;  and  it  cryftallizes  as  the  former :  ai 
circumftance  which  proves,  that  in  (aline  metsdlic  com- 
binations, the  metals  are  always  in  the  ftate  of  oxides^ 
as  we  have  already  obferved. 

Nitre  detonizes  with  difficulty  by  copper.    The  &It 
mufl  be  in  fu(ion,  and  the  copper  very  hot,  in  order  that 
the  deflagration  may  take  place :    ftill,  however,  it  is- 
but  very  weak.     This  operation  is  performed  by  caft* 
ing  copper  filings  on  nitre  in  fufion  in  a  large  crucible^ 
in  order  that  tdieir  parts  may  be  as  much  as  poffible  i» 
contact  with  each  other.     When  the  metal  becomes  very* 
hot,  a  flight  motion  is  obferved,  with  faint  fpatklings^^ 
The  refidue  is  a  brownifh  grey  oxide,  mixed  with  potaih;; 
it  is  wafhed  ;  the  water  takes  up  die  alkali,  which  ftill 
retains  a  little  copper,  and  the  oxide  of  the  metal  re- 
mains pure.     It  melts  alone  into  a  deep  brown  opaque 
glafs  ;  it  is  ufed  to  colour  enamels.     It  is  thought  that 
the  alkali  is  rendered   caudic ;  but  more  experilnents 
are  neceflary  to  afcertain  this. 

Copper  very  readily  decompofes  ammoniacal  muriate* 
Bucquet,  who  examined  this  decompofition  with  very 
great  care,  obtained,  on  making  the  experiment  in  a 
pneumato-chemical  apparatus  with  mercury,  from  two^ 
drams  of  copper  filings,  and  a  dram  of  ammoniacal  mu- 
riate,— fifty-eight  inches  of  claftic  fluid  ;  of  which  twen> 
ty-fix  inches  were  very  pure  ammoniac,  twenty-fix 
inches  dctonatinj^  inflanimable  gas,  and  the  remaining 
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fit  iBcfaes  a  mqJmic  gas,  urfaidi  czdagBiihed  lights, 
wAtmX  bcmg  abfofbed  by  water,  or  precipiutmg  Ume- 
vaier;  and  wis  coniSsqiKiitly  gas  azote,  produced  by 
Ae  deoonpofitioo  of  a  part  of  the  ammoniac.  There 
ana  litde  liquid  amrnoniac  difisBgaged,  of  a  fixie  co- 
loVy  iribidi  ftood  immrdiatdy  orer  die  mercury.  The 
ffhtar  was  a  blackifli  green  mafs,  one  half  of  which 
isdiflohred  in  die  water,  and  communicated  to  it  a 
fist  cobur,  the  diftinguiihing  charaderiftic  of  muriate 
sf  copper:  the  other  half  was  a  kind  of  brown  oxide  of 
copper,  formed  by  die  water  of  the  ammoniacal  mu* 
ntte.  .On  rqieaiii^  this  decompofition  on  four  ounces 
of  copper  to  two  of  ammoniaral  muriate,  with  the  com« 
BOB  qiparatus  of  a  balloon,  Bucquet  obtained  two  drams 
ndei^een  grains  of  blue  liquid  ammcmiac,  which 
gae  a  flight  efferrefcence  with  adds,  and  contained 
about  an  inch  of  carbonic  acid  to  the  dram.  He  knew 
lot  how  to  account  for  the  aj^iearance  of  diis  laft  gas : 
but  I  fof^fe  it  might  proceed  from  feme  impurides  of 
Ae  bl  ammoniac ;  for  on  repeating  the  experiment 
mh  ammoniacal  muriate,  prerioufly  purified  by  fubli* 
utioa,  the  ammoniac  which  I  obtained  was  yery 
ooftic,  and  did  not  effervefce  in  the  fmalleft  degree  with 
Mdf.  Oxide  of  copper  likewife  dec:  mpofes  ammo« 
>^cai  muriate,  and  communicates  to  the  ammoniac 
^ich  it  difengages  a  pordon  of  carbonic  acid,  that  ren- 
^  it  effcnrefcent.  This  alkali  is  always  blue,  bccaule 
^  takes  off  with  it  a  fmall  portion  of  oxide  of  copper, 
^'Indi  colours  it.  Acids,  however,  do  not  precipitate 
te  atom  of  the  metal.  There  are  two  medicines  pre- 
Pfed  in  pharmacy  with  ammoniacal  muriate  and  cop* 
P^  \  the  former  of  which  has  received  the  name  of  cup^ 
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to  ruft  than  pure  copper,  but  at  the  fame  leis  du6> 
tile.  The  more  this  metal  refembles  gold,  the  brittler 
It  is:  befides,  its  nature  varies  according  to  the  pro* 
portion  in  which  the  two  fubflances  are  mixed  toge* 
ther,  and  the  precautions  taken  in  melting  them ;  it! 
varieties  are  fimilar,  pinchbeck.  Prince  Rupert's  metal^ 
and  Manheim  gold.     i  By  cementing  plates  of  cxx^i^ 

4 

with  native  oxide  of  zinc,  or  lapis  calaminaris  reduced 
to  powder  and  mixed  with  coal,  and  making  the  cru- 
cible in  which  .they  are  contained  red-hot ;  the  copper 
then  forms  yellow  bra/s.  This  laft  compound  is  not 
fo  liable  to  ruft  as  copper :  it  is  equally  malleable,  and 
more  fufible  ;  but  if  expofed  for  ever  fo  fhort  a  time  to 
a  ftrong  heat,  it  lofes  its  zinc,  and  becomes  red  coppor 
again. 

Copper  combines  with  mercury,  but  not  readily ;  yet 
by  triturating  very  thin  leaves  of  copper  with  mercury, 
thefe  metals  may  be  formed  into  a  fort  of  amalgwi* 
A  plate  of  this  metal,  immerfed  into  a  folution  of  mer« 
cury  by  an  acid,  takes  a  fine  filver  colour,  owing  to 
the  mercury  being  reduced  and  precipitated  by  the  cop* 
per,  which  has  a  greater  affinity  than  mercury  with 
oxigenc. 

Copper  and  lead  combine  very  well  by  fufion ;  al 
appears  by  the  formation  of  the  loaves  of  eliqua« 
tion. 

It  is  combined  with  tin  in  two  ways  ;  either  by  pour<> 
ing  melted  tin  on  the  furface  of  a  plate  of  copper,  or 
by  melting  the  two  metals  together.  The  former  opt* 
ration  is  ufed  in  tinning  copper;  the  latter  forms 
bronze.  Copper  veiTels  to  be  tinned,  are  firft  well  fcour* 
ed,  to  render  the  furface  on  which  the  tin  is  to  be  q>« 
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pGed  fmootfa  and  bright.    They  are  next  rubbed  with 
amiDoniaca]  muriate,  to  make  them   perfeQIy  clear. 
Tliejr  are  then  made  hot,  and  powdered  rofin  is  caft 
upon  them.    This  fubftance  corers  the  fiirface  of  the 
Ofper  fo  as  to  prevent  it  from  being  oxidated.    At  lad 
die  oidtcd  tin  is  poured  on,  and  fpread  over  it.     Com** 
phiats  have  been  made,   and  with  good  reafon,   that 
the  doning  of  copper  yeifjis  is  not  fufficient  to  defend 
Aem  from  the  adion  of  air,  of  rooifture,  and  of  £dts  ; 
becanfe  fuch  veflels  are  often  obienred  to  be  covered 
vidi  verdigris.     This  might  be  effedoally  remedied  by 
hymg  on  a  thicker  coat  of  tin,  were  there  not  reafon 
to  Sear  that  when  foch  veflfels  are  expofed  to  any  de- 
gree of  heat  above  that  of  boiling  water,  the  tin  is  then 
lbd)le  to  be  melted,  and  thus  to  expofe  the  furface  of 
Ae  copper  uncovered.    To  prevent  fuch  an  accident, 
ik  tin  may  be  alloyed  with  iron,  lilver,  or  platina,  to 
taider  it  harder  and  lefs  fiifible,  in  order  that  it  may 
.   be  hid  in  thicker,  layers  on  the  copper.    Mixtures  of 
dtt  kind  are  already  made  ufe  of  in  feveral  manufa&o- 
nes.   It  is  amazing  how  fmall  a  quantity  of  tin.  is  fuf- 
^ent  to  tin  copper;  for  Meflrs  Bayen  and  Charlard 
'^^e  afcertained,  that  a  pan  nine  inches  in  diameter, 
^  three  lines  in  depth,  gained  only  an  additional  weight 
of  one  and  twenty  grains  by  being  tinned.     This  trifling 
^^ntity,  however,  is  fufficient  to  prevent  the  danger 
^^ich  might  otherwife  arife  from  the   ufe    of  copper 
^^is,  when  care  is  taken  not  to  fuffer  fubftances  ca- 
P^le  of  difiblving  tin  to  remain  too  long  in  fuch  veflels, 
^d  efpecially  to  renew  the  tinning  frequently,  as  fric 
^^>ii,  heat,  and  the  aftion  of  the  fpoons  ufed  in  ftirring 
^bftancfs  boiled  in  them,  very  foon  deftroy  the  tin- 
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ning.  There  is  one  thing,  however,  refpeding  die  da 
ufed  by  copperfmiths  for  tinning  pans,  which  we  cannot 
be  too  much  on  our  guard  againft.  It  is  often  alloyed 
with  one  fourth-part  of  lead  ;  the  bad  effeds  of  which 
are  to  be  feared,  as  lead  is  well  known  to  be  very  foluble 
in  fats  and  acids.  Government  ihould  therefore  take 
meafures  to  prevent  copperfmiths  from  being  cheated 
when  they  purchafe  their  tin,  and  from  employing  the 
tin  of  Malacca  or  Banca,  in  any  other  ftate  but  as  it 
comes  from  the  £a(l  Indies,  before  being  melted  a- 
gain,  and  having,  its  purity  debafed  by  our  dn*- 
workers. 

M.  de  la  Folic,  a  citizen  of  Rouen,  who  merits  the 
refpeft  of  die  public  for  thofe  chemical  refearches 
which  he  has  profecuted  on  matters  relative  to  the  arts, 
and  for  the  ufeful  difcoveries  with  which  he  has  enriched 
dyeing,  pottery,  and  many  other  of  the  manufactures 
carried  on  at  Rouen ;  has  propofed,  in  order  that  the 
inconveniences  and  dangers  attending  the  ufe  of  tinned 
copper  may  be  avoided,  to  employ,  in  its  ftead,  iron 
plated  with  zinc  ;  which,  as  we  have  already  feen,  is 
productive  of  no  dangerous  eflfeCts.  Many  people 
have  already  adopted  the  ufe  of  fuch  veiTels  with  ad^ 
vantage  \  and  it  is  to  be  wifhed,  that  they  were  in  gene- 
ral ufe. 

Tin  melted  with  copper  gives  a  metal,  the  fpecific 
gravity  of  which  is  greater  than  that  of  either  of  the 
two  metals  of  which  it  is  made  up,  in  coafequence  of 
their  mutually  penetrating  each  other  in  a  very  fnti- 
mate  manner.  The  greater  the  proportion  of  tin  in  this 
mixture,  fo  much  the  more  white,  brittle,  and  fonorous, 
is  the  mi^^ture.  When  very  white,  it  is  called  bell-metal: 

when 


Of  Copper.  Ill 

lAen  it  contains  more  than  an  equal  proportion  of  cop- 
per, it  is  yellow,  and  bears  the  name  of  bronze^  or  brafi. 
It  is  moulded  into  ftatues  and  into  cannons,  which  muft 
be  lb  folid  as  not  to  burft  by  a  moderate  force  ;  and  at 
die  dune  time  not  lb  du&ile  as  to  Lofe  their  form  by  the 
impalfe  of  bullets. 

G(q>per  and  iron  may  be  united  by  fufion  or  by  fol- 
deling,  lliis  combination,  however,  does  not  very 
eafilj  fucceed.  When  a  mixture  of  thefe  two  metals  is 
melted  in  a  crucible,  the  iron  is  found  to  be  often  inter-* 
mixed,  but  not  perfe&ly  united  with  the  copper.  Cop- 
per decompofes  the  mother-water  of  fulphate  of  iron  ; 
and  jet  iron  has  a  greater  affinity  than  acids  with  cop- 
per. 

Tlie  nfes  to  which  copper  is  applied  are  very  various, 
and  very  well  known.  A  great  variety  of  utenfils  are 
made  out  of  it.  Tellow  copper,  or  an  alloy  of  copper 
vidi  zmc,  is  principally  employed  for  fuch  purpoles,  on 
account  of  its  fuperior  dudility  and  beauty.  G>pper 
being  a  very  violent  poifon,  ihould  never  be  adminifter- 
cd  as  a  medicine.  The  remedies  mod  ufually  applied  in 
tbe  cafe  of  poifoning  by  copper  reduced  to  oxide  or  ver« 
<)igris,  are  emetics,  water  drunk  in  large  quantities,  alka- 
^  fulphures,  alkalis,  &c. 

Sulphate  of  copper  coDtains  in  the  hundred  weight  30®.  of  acidi 
43  3.  of  water,  and  27  &.  of  copper. 

M.  Chaptal  obtained  from  a  folution  of  copper  in  the  nitric  acid, 

^  W  fpontaneout  evoporation,  white  rfaombosdal  cryftab,  which  dc- 

^'^piuied  opoo  the  coalf,  emitted  by  beat,  a  red  gas,  and  left  a  grey 
«ifc.    H. 
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SILVER,  called  Lunay  or  Diana^  by  the  alchemifisp 
is  a  metal  of  a  white  colour,  and  the  mod  livdy 
brilliancy.    It  has  neither  tafte  nor  fmell.     Its  fpecifie 
gravity  is  fuch,  that  it  lofes  in    the  hydroftatic  ba- 
lance about  one-eleventh  part  of  its  weight,     A  culnc 
foot  of  this  metal  weighs  feven  hundred  and  twenty 
pounds.     So  great  is  the  dudility  of  filver,  that  it  may 
be  reduced  to  leaves  as  thin  as  paper,  and  to  threads 
finer  than  hairs.     A  grain  of  filver  may  be  extended  fo 
as  to  contain  an  ounce  of  water.     Its  tenacity  is  fo  cotx- 
iiderable,  that  a  wire  of  filver,  one  tenth  of  an  inch 
in  diameter,  is  fufficient  to  fupport  the  weight  of  two 
hundred  and   feventy  pounds    without   breaking.      It 
poffeffes  hardnefs  and  elafticity  in  an  inferior  degree  to 
that  in  which  copper  poffeffes  thefe  qualities ;  it  is,  next 
after  copper,  the  moft  fonorous  of  all  metals.  It  becomes 
hard  under  the  hammer,  but  may  be  eafily  depriveA 
by  heating  of  the  hardnefs   which   it   thus  acquires* 
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MeSrs  Tiilet  and  Mongez  have  cryilaliized  (ilver.  They 
obtained  it  in  quadrilateral  pyramids,  fometimes  folitary 
on  the  edges  of  the  crucible,  at  other  times  laterally  united 
in  groups. 

Sihrer  is  found  in  various  dates  in  nature.  The  fol« 
lowing  are  die  (Uver  ores  moft  ftrikingly  difUnguiihed 
from  each  other. 

I.  Native  or  virgin  iilver.  It  is  known  by  its  luftre 
and  dudility.  It  appears  under  an  amazing  variety  of 
forms.  It  is  frequently  in  irregular  mafles,  the  fize  of 
wfaidi  is  more  or  lels  confiderable.  It  is  fometimes  in 
apiljary  threads  twifted  round  ;  its  formation  then  ap- 
pears to  be  owing  to  the  decompolition  of  a  red  filver 
ore,  as  has  been  obferved  by  Henckel  and  M.  Rome  de 
Lille,  k  is  likewife  found  in  plates,  or  in  pieces  of  net- 
work refembling  fpidov  webs,  which  the  Spaniards 
oa  this  account  call  arani ;  fometimes  again  in  a  ve- 
getable form,  or  in  branches  confiding  of  odohaedrons 
rifing  one  over  another.  Some  of  thefe  fpecimens  re- 
femble  the  farn4eaf,  others  are  feparate  cubes  and  ofto- 
luBdrons,  with  truncated  angles ;  but  thefe  laft  are  rare. 
NatiYc  filver  is  often  difperfed  in  a  quartzofe  gangue  ; 
>^  is  ibmetimes  found  in  fat  earths.  It  is  found  in 
P^,  in  Mexico,  at  Konfberg  in  Norway,  at  Johan 
Georgenftadt  and  Ehrenfriederfdorf  in  Saxony,  at 
St  Marie,  at  AUemont  in  Dauphiny,  &c.  This  me- 
^  18  not  known  to  exift  in  nature  in  the  ftate  of 
<ttidc. 

^Native  filver,  in  union  with  gold,  copper,  iron, 
antimony,  or  with  gold  and  copper  together,  or  with 
^^(enic  and  iron  together.  Thefe  various  native  com- 
biQadons  of  filver  are  found  at  Frey.berg  in  Saxony, 
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and  in  the  mines  of  Guadal-Canal  in  Spain.  But  it  ia 
to  be  obferved,  that  the  proportion  of  the  extraneous 
fubftances  is  very  trifling. 

3.  Vitreous  fiher  ore  confifts,  according  to  mod  mi- 
neralogifts,  of  filver  and  fulphur.  It  is  of  a  blackifh 
grey  colour  like  lead  ;  it  is  alfo  brown,  grecnifli,  yel- 
lowifh,  &c.  and  it  may  be  cut  with  the  knife  as  well 
as  that  metal.  It  is  frequently  irregularly  fhaped,  fome- 
times  in  oftohscdral  cryftals,  the  angles  of  which  are 
truncated.  M.  Monnet  takes  notice  of  a  variety,  which, 
inftead  of  being  divifible  by  the  knife,  falls  into 
powder.  This  ore  aflfords  from  feventy-two  to  eighty- 
four  pounds  of  filver  in  the  hundred  weight.^  It  melts 
very  eafily  :  when  expofed  to  a  heat  fo  moderate 
as  not  to  melt  it,  the  fuiphur  is  diflipated,  and  leaves 
the  virgin  filver  in  a  vegetative  form,  or  in  'fila- 
ments. 

4.  Red  filver  ore  is  often  of  a  deep  colour,  fome* 
times  tranfparent,  and  cryftallized  in  cubes,  with  their 
edges  truncated,  or  in  hexahsedral  prifms,  terminatipg 
in  trihaedral  pyramids  ;  at  Potofi  this  is  called  roffx-ckr^. 
The  filver  is  combined  in  it  with  fulphur  and  arfenic. 
When  it  is  broken,  its  colour  is  lighter  within,  and 
it  appears  to  confift  of  fmall  needles  or  prifms,  conver- 
ging like  ftala£tites.  If  expofed,  with  proper  manage- 
ment, to  a  fire  ftrong  enough  to  make  it  red-hot,  the 
filver  is  reduced,  and  takes  a  capillary  vegetative  form, 
like  native  filver.  It  affords  from  fifty. eight  to  fixty- 
two  pounds  of  filver  in  the  hundred  weight.  Ihis 
fpecies  is  diverfified  into  varieties,  by  the  properties 
of  colour,  form,  and  gravity,  &c.  It  is  generally  fbufiA 
i|i  all  fuch  plates  as  contain  the  other  filver  ores. 
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5.  Silver  with  arfenic,  cobalt,  and  iron  mineralized 
y^l  fulpbun  Bergman  fays,  that  in  this  ore  the  filver 
if  (bmetimes  above  the  proportion  of  7^  This  ore  is 
ibmetiines  grey  and  fparkling,  fometimes  of  a  dark  and 
doflcy  appearance ;  efflorefcences  of  cobalt  are  obfer- 
nble  upon  k.  The  £lv£r  ore  called  goofe-dung  belongs 
to  this  fpedes. 

4  The  grey  filver  ore,  nrfiich  differs  from  the  cop- 
per ore  called  Fablertz  only  in  containing  a  larger  pre-* 
ponbn  of  this  precious  metal.  It  is  either  in  mafTes  or 
m  triangular  cryllals,  with  their  fides  cut  floping.  The 
largeft  of  thele  cryftals  are  not  of  a  very  bright  colour;; 
the  finall,  being  difperfed  over  a  fmooth  gangue,  are  of 
ib  lively  a  luftre  as  to  afford  a  very  pleating  fpedacle 
«^  light  falls  upon  them.  Grey  iilver  affords  from 
two  to  five  marks  of  filver  in  the  hundred  weight. 
Crey  filver  is  fometimes  introduced  into  organic  mat« 
ten,  and  moulded  into  an  exact  imitation  of  their  form. 
It  it  then  called  figured  ftl^uer  ore.  Of  this  kind  is  that 
tdenibling  blades  of  com,  and  that  which  M.  Rome  de 
Lilie  has  obferved  in 'the  form  of  the  cones  andfcales  of 
<hc  pine-tree.  This  ore  contains  filver,  copper,  iron, 
^rienic,  and  fulphur.  When  the  proportion  of  the  iron 
*•  very  fmall,  it  is  then  called  white  fiher  ore.  This 
l^er  ore  is  not  to  be  confounded  with  galena  contain- 
^  filver,  which  is  fometimes  called  by  the  workmen 
fi^seron. 

7-  Black  filver  ore,  called  by  the  Spaniards .  nigrillcj 

• 

^  according  to  Meffrs  Lehman  and  Rome  de  Lille,  no- 
^g  but  red  or  grey  filver  ore  decompofed,  and  brought 
"^0  a  kind  of  middle  ftate  between  its  original  (late 
^  that  of  oative  filver  :  it  is  fometimes  found  to  con* 
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tain  native  filrer.    The  latter  of  thefe  two  mineralo* 
gifts  has  obfervedy  that  when  folid,  fpongy^  or  worm- 
eaten,  it  may  be  confidered  as  produced  from  the  redL 
and  vitreous  ores,  ^d  is  then  richer  than  when  firiabh^ 
and  pitch-coloured ;  when  it  may  be  confidered  as  ori*-- 
ginating  from  the  alteration  of  grey  or  white  filver  ores  ^ 
It  therefore  affords  various  products*     In  general,  it  af- 
fords from  fix  or  feven  to  nearly  fixty  pounds  of  filver 
in  the  hundred  weight. 

8.  Corneous  Jilver  ore y  or  the  natural  combination  of 
filver  with  muriatic  acid,  and  a  little  fulphuric  acid, 
is  a  pearl-grey,  s^  violet-grey,  or  a  yellowifli  greyi 
foTxietimes,  though  but  feldom,  it  is  femi*tranfparent; 
it  is  foft,  and  may  be  eafily  cruflied  or  cut:  it 
melts  at  the  flame  of  ^  taper.  Ic  is  found  in  co« 
bic  cryftals,  but  ofteneft  in  irregular  mafies.  It  fire- 
quently  contains-  lumps  of  native  filver.  It  was  for- 
merly thought  to  contain  fulphur  and  arfenic ;  but  mi- 
ncralogifts  have  now  agreed  in  refpe£t  to  its  nature* 
Mefirs  Cronftedt,  Lehman,  and  Sage,  Woulfe,  Lommer^  * 
and  Bergman,  haye  found  it  to  contain  muriatic  addf 
which  is  difengaged  by  heat.  Woulfe  has  befides  afcer- 
tained,  that  it  contains  fulphuric  acid.  It  is  found  at  Saxo* 
ny,  at  St  Marie,  at  Guadal-Canal  in  Spain,  and  at  AUe? 
mont  in  Dauphiny. 

9.  The  foft  filver  ore  of  Wallerius,  is  filver  either  na- 
tive or  mineralized,  and  intermixed  with  more  or  lels 
coloured  earth.  Earths  containing  filver  vary  in  colour 
from  a  dirty  grey  to  a  deep  brown. 

.10  Laftly,  Silver  is  often  found  in  combination  with 
other  metallic  matters  in  ores,  the  hiftory  of  which  we 
have  already  given.     Such  are  mifpickel,  the  grey  co- 
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bdtore,  kopfernickd,  ornickci  ore,  folphnre  of  and- 
moojr,  whidi  often  aflFords  the  rariety  called  Jgiwr  §n 
hfmlbers^  Uende^  ffdam^  wiartial  fjritesj  and  white  ccf^ 
fo'tns:  the  latter  are  only  grey  fihrer  ores.  Ail  of 
Ade  fnbftances,  many  times,  contain  fb  modi  fihrer  as 
fenders  die  working  diem  for  the  lake  of  diis  predoos 
Bdal  profitable;  But  it  is  eafy  to  lee,  that  they  can- 
aoc,  wxdi  any  propriety,  be  delcribed  as  pecnliar  fihrer 
OKI ;  and  defienre  only  to  be  mentioned  as  contaimng 
flfcr. 

fflfer  ores  are  aflayed  in  Tarioos  ways,  according  to 
die  nature  of  the  ore.    All  that  is  ftridly  reqoifite  in 
i%ing  fiidi  as  oontain  natire  filver,  is  to  poond  and 
«ifr  them.    In  tx6a  to  feparate  the  metal  endrdy 
fiom  extraneous  fubftances  altering  it ;  after  being  wafli* 
cd,  it  may  be  trkurated  with  running  mercury.    The 
aercury  diflblves  the  filver,  and  being  then  TohtOized 
by  fire,  leaves  the  perfiod  metal  feparate.    Sulpbureoua 
filver  ores  need  to  be  roafted,  and  afterwards  melted 
with  a  greater  or  a  left  quantity  of  flux.    The  filver  ob- 
taaed  by  diis  mddng  is  commonly  alloyed  with  lead, 
copper,  iron,  &c    To  firparate  it,  and  to  afcertain  exaA* 
ly  what  quantity  of  the  predous  metal  this  mixture 
CQDtains,  a  procds  entirely  chemical,  and  founded  on 
die  confideration  of  the  properties  of  the  imperfed  me- 
tals, is  employed.    As  lead  is  fiifceptible  of  vitrificatioD, 
and  ads  in  the  quality  of  a  flux  on  the  imperfed  me^ 
tab,  foch  as  iron  and  copper,  but  is  inc^iable  of  afied* 
ing  filver  in  the   lame    manner;    lead   is    therefore 
emfdoyed  to  £q>arate  the  perfed  metal  firom  fuch  im- 
perfeft  metals  as  alter  it.    The  greater  the  proportion 
of  the  extraneous  matters  by  uhich  the  filver  is  alter- 
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ed,  fo  much  the  more  lead  muft  be  made  ufe  of  to  (b<^ 
parate  them.  ITiis  alloy  is  put  into  flat  porous  vefiels^ 
made  of  calcined  bones  and  water.  Thefe  roaftin]^. 
pots,  which  are  called  cupels^  as  being  in  the  form  of 
fmall  cups,  are  proper  for  abforbing  the  lead-glafs  form- 
ed in  this  operation.  The  filver  after  this  remains^ 
pure.  In  order  to  determine  what  quantity  of  the  im- 
perfect metals  any  mafs  of  filver  contains,  it  is  confix' 
dered  as  confiding  of  tweWe  parts,  which  are  caUed 
peiiny-iveights ;  and  each  of  thefe  confifts  of  twenty- 
feur  grains.  If  the  mafs  of  fihrer  under  examination 
has  loft  in  the  cupels  only  the  twelfth  part  of  its  we^faf^ 
k  is  called  fdver  of  eleven  penny-iveigbu  ■:  if  it  has  loft 
but  a  twenty-fourth  part  of  its  weight,  it  iz  fdver  eleveB 
penny-weights  and  iwehe  grains  fne^  and  fo  on.  The 
cupel  is  found,  after  this  operation,  to  have  acquired  a 
eonfiderable  addition  of  weight;  it  contains  vitreous 
oxide  of  lead,  and  of  the  other  imperfe£k  metals,  which 
were  in  combinatk)n  with  the  filver,  and  have  been  fe* 
parated  by  the  lead.  As  the  lead  almoft  always  con* 
tains  a  little  filver,  it  muft  be  at  firft  cupelled  by  it* 
felf,  in  order  to  afeertain  what  quantity  of  filver  it 
contains ;  from  the  button  of  fine  filver  obtdned,  a 
dedudion  muft  be  mad^  for  the  fmall  portion'  known 
to  be  contained  in  the  lead  which  is  employed,  and  is 
called  a  luHnefs.  The  cupellation  exhibits  a  phsenome- 
non  from  which  the  artift  underftands  theftateofhis 
operation.  As  the  filver  becomes  pure  by  vitrification; 
and  the  feparation  of  the  lead,  it  affumes  a  much  more 
brilliant  appearance  than  that  with  which  the  lead  it 
flill  intermixed.  The  luftre  by  degrees  increafes ;  and 
when  the  whole  furfacc  of  the  metal  becomes  pure  and 
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of  a  dazzling  brightnefs, — at  the  very  inflant  when  the 
whole  aflumes  fuch  an  appearance,  the  operation  is  fi^ 
ni(hed '.  The  filver,  after  being  thus  cupelled,  is  entire- 
ly purified  from  the  imperfedt  metals  which  it  before 
contained:  but  it  may  ftill  contain  gold;  and  anew 
procefs  mud  be  employed  to  feparate  the  two  perfect: 
metals.  As  gold  is  much  lefs  liable  than  filver  to  be 
altered  by  a  great  many  mendrua,  the  filver  is  diffolved 
by  the  nitric  or  the  muriatic  acid,  and  by  fulphur  ;  and 
the  gold,  which  is  fcarce  liable  to  be  affeSed  by  thefa 
folvents,  remains  pure.  This  way  of  feparating  filver 
from  gold  is  called  parting.  We  will  fpeak  of  the  va^ 
rious  ways  of  parting  thefe  metals,  after  defcribing  in 
what  manner  the  feveral  folvents  which  are  ufed  for 
this  purpofe  adt  upon  the  filver,  and  when  we  treat  of 
the  alloy  of  filver  with  gold« 

The  proceffeg,  in  the  great  way,  for  extrafting  filvet 
from  its  ores,  and  obtaining  it  pure,  are  nearly  the  fame 
with  thofe  which  we  have  defcribed  as  proper  for  af-* 
faying  the  ores  of  this  metal.  There  are,  in  general^ 
three  modes  of  treating  filver  in  the  great  way.  The  fir  It 
confifts  in  triturating  virgin  filver  with  mercury :  this 
amalgam  is  wafhed,  to  purify  it  entirely  from  earth  :  it 
is  then  drained  through  goat-fkin,  and  didilled  in  an 
iron  retort ;  after  which,  the  filver  is  melted,  and  rua 
into  ingots«  This  procefs  cannot  be  applied  to  filver 
ores  containing  fulphun  Thefe  mud  be  roaded  and 
mixed  with  lead,* in  order  to  refine  the  precious  metal 
by  cupellation.  This  is  the  procefs  to  which  rich  filveif 
ores  are  fubjefted.  As  to  fuch  as  are  poor,  the  method 
employed  upon  them  is  different  from  either  of  thefe 
two.   They  are  melted  without  being  previoufly  roaded, 
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with  a  certain  quantity  of  pyrites.  This  is  called  crude 
Jufton^  and  affords  a  mat  of  copper  containing  filver, 
which  is  treated  with  lead  by  eliquation.  The  lead 
which  takes  up  the  (ilver  as  it  melts,  is  afterwards  fee- 
rifled  in  the  cupel ,  and  then  leaves  the  peHeft  ttiecal 
pure".  Cupellation  in  the  great'  way  differs  firbm  that 
which  is  performed  in  the  fmaU  way  ;  for,  whereas  in 
the  former  the  fcorified  lead  is  blown  over  the  edges  of 
the  cupel  with  bellows,  in  the  affay  the  rifcrxfied  oxide 
of  lead  is  abforbed  by  the  cupel. 

The  (ilver  obtained  by  the  proceffes  which  we  have 
defcribed,  is.  in  general,  much  lefs  liable  to  alteration 
than  any  of  the  other  metals  of  which  we  have  as  yet 
given  the  hiftory;  The  contact  of  light,  however  long 
the  metal  remain  expofed  to  it,  produces  no  change  of 
its  properties.  Heat  melts  it,  makes  it  boil,  and  volati^ 
Kzes  it,  but  without  altering  its  nature.  An  heat  fuf- 
ficient  to  make  it  become  firft  red,  and  afterwards 
white,  is  requifite  to  melt  it :  it  is  more  fufible  than 
copper.  After  being  kept  for  fome  time  in  iufion,  it 
fwells,  and  exhales  vapours,  which  are  nothing  but  fil- 
ver  volatilized.  What  puts  this  fa£l  beyond  doubt  is, 
(hat  portions  of  the  metal  are  found  in  the  fimnels  of 
chimnies  in  which  it  is  melted  in  large  quantities.  It 
is  confirmed  by  a  fine  experiment  of  the  Academicians 
of  Paris  ;  they  expofed  very  pure  filver  to  the  focus  of 
M.  de  Trudaine's  lens,  and  obferved  the  melted  me* 
tal  to  diffufe  a  thick  fmoke,  which  Seing  intercepted 
by  a  plate  of  gold,  was  fixed  upon  it,  and  whitened 
its  furface. 

Silver,  when  ilowly  cooled,  is  fufceptible  of  a  rego* 
lar  form,  and  cryftaltizes  in  quadrangular  pyramids. 

M. 
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M.  BiMiii6  obfenredy  that  this  metal  takes,  as  it  cools, 

a  fi^lar  form ;  wluch  appears  from  its  furface  being 

mrered  orer  with  filaments  refembling  the  threads  of 

s  icidier.    I  have  remarked,  that  the  button  of  fine 

filter  obtained  by  cnpellation,  often  exhibits  on  its  fur- 

fmall  fpaces  with  five  or  fix  fides,  arranged  like 

flags  of  a  pavement*     But  its  cryftallization  hi 

^^Orahsedral    pyramids    has    not    been  carefully  eza* 

Ysiined  by  any  but  Mefirs  Tiilet  and  the  Abbe  Mon- 


It  was  long  imaged,  and  many  chemifts  are  (till  of 
dpinion,  that  filver  is  fecure  againft  the  joint  adion  of 
ftseat  and  air;  It  is  certain  that  this  metal  fuffers  no  ap« 
parent  alteration  when  held  for  fome  time  in  fufion^ 
^ttd  in  contaft  with  air:  Juncker,  however,  related, 
that  on  treating  filver  for  a  confiderable  time  by  rever- 
beration, in  the  way  of  Ifaac  of  Holland,  he  found  it  to 
diange  into  a  vitreous  oadde.  This  hGt  has  been  con- 
finned  by  Macquer.  He  es^x>fed  filver  twenty  times  fuc- 
ceffivdy  iii  a  porcehin  crudble,  to  the  heat  of  the  por- 
cdain  furnace  at  Seves,  and  obtained,  by  the  twentieth 
fbfion,  a  vitreous  matter,  of  an  olive-green  colour, 
irtudi  be  confidered  as  a  true  vitreous  oxide  of  filver. 
When  this  metal  is  heated  in  the  focus  of  a  buming- 
glal|9  its  furfiice  is  always  covered  with  a  white  pulveru- 
lent matter,  and  a  groenifh  incruftation  is  formed  on 
the  body  on  which  it  refts.  Thefe  h6t$  remove  every 
dcmbc  that  could  be  reafonably  entertained  of  the  al- 
teration of  filver  in  fuch  circumftances.  Though  much 
more  refiradory  againft  all  attempts  to  reduce  it  to  an 
oxide  than  any  other  metal,  yet  is  it  liable  to  be  at 
lengdi  changed  into  a  white  oxide,  which,  when  treated 
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in  a  very  (Irong  fire,  takes  an  olive-green  coloun  -  It 
might  perhaps  be  poflible  to  obtain  an  oxide  of  filver, 
by  reducing  the  metal  to  very  thin  plates  or  leaves,  and 
heating  it  for  a  confiderable  time  in  a  matrafs,  in  the 
fame  way  as  is  done  with  mercury.     The  ele&ric  fparlc 
appears  likewife  to  oxidate  filver.    It  is  certain,  at  leaft^ 
that  this  metal  has  but  a  very  faint  tendency^  to  com- 
bine with  the  bafe  of  vital  air,  and  that  heat  does  not 
contribute' to  this  combination  fo  much  as  ii^, the  cafe 
of  any  of  the  other  metals ;  but,  on  the  other  hand, 
deftroys  it  by  a  very  flight  effort ;  for  all  the  oxides  o£ 
filver  may  be  eafily  reduced  without  addition ;    ^d 
oxigene  muft  therefore  be .  but-  very  imperfedly  com< 
bined  with  the  metal,  fmce  it  can  be  detached  from 
it  fo  as  to  form  vital  air,  by  the  aftion  of  light  and  beat 
alone. 

Silver  is  liable  to  no  ^Iteration  from  air  ;  its  furfacei 
in  a  long  fpace  of  time,  is  a  very  little  fullied  by  the 
adion  of  the  atmofphere.  Water  ads  not  upon  it: 
earthly  matters  do  not  combine  with  this  metal:  Its 
oxide,  if  melted  with  gla0es,  would  probably  commu- 
nicate to  them  an  olive-green  colour. 

Neither  the  alkalis  nor  the  falino-terfene  fubftances 
aft  in  a  fenfible  degree  on  filver.  The  fulphuric  acid, 
when  highly  concentrated  and  boilings  and  when  the 
metal  is  prefented  in  a  (late  of  extreme  divifion,  diflblves 
it.  A  confiderable  quailtity  of  fulphureous  acid  gaft 
is  difengaged  from  this  folution  ;  and  the  filver  is  re- 
duced to  a  white  matter,  on  which  a  new  quantity  of 
fulphuric  acid  muft  be  poured,  in  order  to  diflblve  it* 
By  evaporating  this  liquor,  fulphate  of  filver  is  obtain- 
ed in  fmall  needles.    I  have  feveral  times  obtained  this 
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fkit  in  plates,  formed  by  the  longitudinal .  jun&ion  of  a 
number^  of  thefe  needles.  This  fait  melts  when  expo- 
fed  to  fire,  and  is  of  a  very  fixed  nature.  It  is  decom« 
po&ble  by  alkalis,  iron,  copper,  zinc^  mercury,  &c. 
AU  the  precipitates  obtained  by  alkalis  may  be  reduced^ 
without  .addition,  to  fine  filver,  in  clofe  veflels. 

The  nitric  acid  oxidates  and  diiTolves  filver  rapidly, 
even  without  the  help  of  heat.  This  folution  even  takes 
place  at  times  fo  quickly,  that  to  prevent  the  inconve- 
niences arifing  from  this  circumflance,  it  is  found  ex- 
pedient to  have  the  filver  in  lumps  when  expofed  to  the 
acid.  A  confiderable  quantity  of  nitrous  gas  is  difen- 
gaged  on  the  occafion,  and  a  white  precipitate  is  pro- 
duced^ more  or  lefs  in  quantity,  if  the  acid  of  nitre  have 
been  mixed  with  any  portion  of  fulphuric  or  muriatic 
acid.  The  nitric  acid  ufually  gives  it  a  blue  or  a  green 
colour.  If  the  filver  be  pure,  it  lofes  that  colour,  and 
becomes  tranfparent  as  foon  as  the  folution  is  fully  ac- 
complifhed  :  but  if  the  filver  happen  to  contain  copper, 
the  folution  retains  a  lighter  or  deeper  greenifli  Ihade* 
The  pureft  filver  that  can  be  obtained  often  contains 
gold.  In  this  cafe,  as  the  nitric  acid  is  fcarce  capable 
of  ading  on  that  metal,  when  it  acls  on  the  filver  it 
feparates  fmali  blackiih  flakes,  which  fall  to  the  bottom 
of  the  veflel,  and  prove  to  be  gold.  It  is  in  confequencc 
of  the  nitric  acid  afling  in  fo  different  a  manner  on 
thefe  two  metals,  that  it  is  happily  employed  to  feparatc 
them  in  the  operation  of  parting  by  aquafortis.  The 
nitric  acid  diilblves  a  quantity  of  filver  equal  to  half  its  • 
own  weight.  This  folution  is  exceedingly  cauftic  ;  fo 
much  fo,  that  it  produces  black  fpots  on  the  epidermis, 
and  eats  entirely  through  it.     When  fully  eftimated. 

It 
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it  depofites  thin  bright  cryftals,  like  the  boraclc  add  r 
when  half  the  quantity  is  evaporated,  it  affords,  bj  cool-> 
ing,  flat  cryftals,  \irhich  are  either  hexagonal,  or  triaa«» 
gular,  or  fquare,  and  appear  to  confift  of  a  great  'many 
fmatl  needles  joined  laterally.    Tbefe  flat  cryftab  are 
obliquely  arranged  one  over  another.    They  are  tran- 
fparent  and  very  cauftic.    They  are  called  Lunar  irj* 
Jials  :  their  proper  name  is  nitrate  of  filver.    This  &le 
is  fpeedily  altered  by  the  contact  of  light,  and  rendered 
black  by  combuftible  vapours.   When  placed  on  a  bam* 
ing  coal,  it  readily  detonizes,  leaving  after  the  detona* 
tion  a  white  powder,  •  which  confifts  of  pure  filver : 
it  is  very  fufible.    If  expofed  to  fire  in  a  crucible,  it 
fwells  at  firft  as  it  lofes  the  water  of  its  cryflallizatibn } 
and  after  that,  remains  in  fufion  without  motion.    If 
fuffered  to  cool  in  this  flate,  it  becomes  a  grey  mafs, 
flightly  needled  ;  a  preparation  which  is  known  in  fur« 
gery  under  the  name  of  Lapis  infetTialis.     But  there 
is  no  cccafion  to  make  ufe  of  cryflallized  nitrate  of  fil* 
ver  when  v^e  wiflt  to  obtain  this  medicine;  the  pro* 
cefs  by  which  it  is  made  up  is  too  tedious,  and  too  ex- 
penfive.    It  is  fufficient  to  evaporate  to  drynefs  a  folu- 
tion  of  filver  by  the  nitric  acid,  to  put  the  refidue  in  x 
filver  crucible  or  ladle,  as  M.  Baume  advifes,  and  to 
heat  it  flowly  till  it  melt :  it  may  be  then  run  into  ak. 
mould,  to  give  it  the  form  of  fmall  cylinders.     Whi 
thefe  cylinders  are  broken,  they  appear  to  confifl  a 
needles  diverging  in  radii  from  the  centre  of  the  cylin 
der,  and  terminating  at  its  circumference.  In  compofin 
the  infernal  Jlone  of  nitrate  of  filver,  we  mufl  beware  c 
heating  it  too  long ;  otherwife  a  part  of  the  fait  will 
decompofed,  and  formed  into  a  button  at  the  bottom  of" 
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toe  crucible.  la  order  to  hare  an  opportunity  of  ob- 
jenriag  lAat  pafles  in  this  operation^  I  diftiUed  this  fait 
ia  a  pneamato-cheaiical  apparatus  ;  I  obtained  nitrous 
gtt  and  vital  air,  mixed  with  azotic  gas.  In  my  ma« 
txafs  I  ibund  the  filver  entirely  reduced ;  the  glafs  vas 
become  opsique,  Uv  enameU  and  was  of  a  beautiful 
diefiiot-brown  colour.  The  brown  colour  which  the 
glafs  takes  on  this  occafion  muft,  no  doid>t»  be  owing 
to  oxide  of  manganefet  or  fome  other  fubftance  rrnin^jnH 
iait;  for  the  colour  of  glafs  formed  of  oxide  of  filyer 
ift  nearly  an  olive  green,  as  we  have  already  obfer* 
red. 

Nitrate  of  filver  does  not  attract  moiilure  when  ex- 
pofed  to  the  air  ;  it  diflblves  very  readily  in  water  ;  and 
Biay  be  cryfiallized  from  the  (blution  by  a  ibw  evapo- 
'stioQ  of  the  fluid. 

The  nitric  iblution  of  filver  is  decompofed  by  falino* 
terrene  fubftances  and  alkalis ;  but  the  phaenomena 
^^  greatly,  according  to  the  ftate  of  thefe  matters, 
^ime-water  produces  a  very  copious  oUre-coloured  pre- 
cipitate* Fixed  alkali,  iaturated  with  carbonic  acid, 
'^^^kes  it  yield  a  white  precipitate :  cauftic  ammoniac 
c^fifcs  it  to  afford  a  grey  precipitate,  inclining  to  olive- 
gx*een«  This  precipitation  does  not  take  place  till  a 
^onfiderable  time  after  the  two  fubftances  have  been 
nuxed. 

Although  the  nitric  acid  a&  with  a  (Ironger  energy  on 
niver  than  any  of  the  6ther  acids,  there  are,  however, 
others  which  have  a  greater  affinity  wirh  its  oxide,  and 
adhere  to  it  with  more  obftinacy  :  the  fulphuric  and  the 
>nmiatic  acids  detach  the  oxide  from  the  nitric  acid.  For 
^  realbn,  when  a  few  drops  of  cither  of  thefe  acids  are 
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poured  into  a  nitric  folution  of  filver,  a  predpitate  u 
produced  ;  which,  when  the  fulphuric  acid  is  employed^ 
is  a  white  powder  ;  and  when  it  owes 'its  origin  to  the 
muriatic  acid,  is  in  thick  flakes  like  a  coagulunu  In  the 
former  cafe,  the  precipitate  is  fulphate  of  ^Iver ;  in  the 
latter,  muriate  of  filver.  As  neither  of  thefe  two  falts  is 
very  liable  to  folution,  they  therefore  fubfide  in  a  preci- 
pitate. It  is  not  neceffary  that  the  acids  be  in  a  ftate 
of  liberty  when  applied  to  this  purpofe  ;  the  neutral  faltt, 
which  are  formed  by  their  combinations  with  alkalis  and 
ialino-terrene  fubftances,  ferve  the  purpofe  equally  well 
A  double  decompofition  and  a  double  combination  then 
take  place  ;  for  %ht  nitric  acid,  feparated  from  the  filver9 
enters  into  combination  with  the  bafe  of  the  fulj^uric  or 
muriatic  fait.  ^ 

On  this  difference  among  the  acids,  in  refped  to  the 
manner  in  which  they  ad  upon  filver,  there  is  founded 
a  procefs  which  is  employed  to  procure  the  nitric  add 
in  an  high  flate  of  purity,  and  unmixed  with  any  other 
acid  :  in  a  word,  in  that  (late  in  which  it  is  requifite  to 
have  it  for  many  operations  in  metallurgy,  and  for  moil 
chemical  experiments*  Diflilled  fpirit  of  nitre  is  gene- 
rally mixed  with  a  certain  quantity  of  fulphuric  or  mu« 
riatic  acid  ;  and  chemifts  have  therefore  induftrioufly 
fought  to  feparate  thefe  extraneous  fluids,,  and  have 
found  no  happier  expedient  than  the  ufe  of  the  nitric 
folution  of  filver-  This  folution  is  poured  into  the  im- 
pure nitric  acid  till  it  ceafe  to'  produce  a  precipitate; 
the  fediment  of  fulphate  or  muriate  of  filver  is  fuficrcd 
to  fettle ;  the  acid  is  decanted  ofl*,  and  diflilled  by  a  mo* 
derate  heat,  to  feparate  from  it  that  fmall  quantity  of 
lalts  of  filver  which  may  dill  be  contained  in  it.  The  pro* 
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dod  of  this  diftilbtion  is  very  pure  nitric  acid  :  in  the 
arts  k  is  called  precipitated  aquafortis. 

Mod  metallic  matters  are  capable  of  decompofing  the 
nitric  folution  of  iilver,  as  they  have  in  general  a  great- 
er affinity  dian  that  metal  with  oxigene.  Arfeniate  of 
pocafli,  diflblved  in  water,  produces  in  the  nitric  foiu- 
tioQ  a  leddifli  precipitate,  which  originates  from  the 
snkni  of  the  filver  with  the  arfenic  acid,  lliis  precipi- 
tate refembles  red  iilver  ore.  The  filver  may  be  obtain- 
tained  in  its  metallic  ftate,  as  a  precipitate  from  this  fo- 
lotion,  by  moft  of  the  metals  and  the  femi-metals.  But 
the  fieparation  of  this  perfeft  metal  by  mercury  and  cop- 
per IS  particularly  worthy  of  our  notice,  on  account  of 
die  phenomena  whi;  h  attend  the  firft  of  thefe  metallic 
iiibftances,  as  it  ads  on  filver,  md  the  ufefiil  purpofet 
vbich  are  ferved  by  bringing  the  fecond  to  aft  upon  it. 

Silver,  when  feparated  from  the  nitric  acid  by  mercu- 
ry, is  in  a  metallic  ftate  j  and  the  precipitate  fubfiding 
llowly,  produces,  as  it  fubfides,  a  regular  figure,  known 
hy  the  name  of  Diana* s  tree^  or  the  pbilofophic  tree.-^ 
Iliis  fpecies  of  cryftallization  may  be  obtained  by  feve- 
nl  different  procefles.  Lemery  directed  to  take  an 
<Hmce  of  fine  filver,  to  diflblve  it  in  nitric  acid  mode- 
tately  ftrong,  and  to  dilute  the  folution  with  about  twenty 
ounces  of  diftilled  water,  adding  two  ounces  of  mercu- 

T-   In  the  fpace  of  forty  days  a  very  beautiful  vegeta- 

• 

^ve  form  is  produced.  Homberg  gives  another  procefs, 
iQuch  (horter  than  this.  His  procefs  is,  to  make  a  cold 
^^gam  of  four  drachms  of  filver  in  leaves,  with  two 
^chms  of  mercury  :  this  amalgam  is  to  be  diflblved  in 
^fufficient  quantity  of  nitric  acid,  and  a  pound  and  an 
)^ of  diftilled  wajer  to  be  added  to  the  folution :  into 
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an  ounce  of  this  liquor  put  a  lijoiaU  ball  of  a  foft  amal- 
gam of  filver,  and  the  precipitation  of  fUver  wUl  imme- 
diately take  place.  The  filver  being  precipitated  and 
combined  with  a  part  of  the  mercuryt  is  depofited  in  a 
kind  of  prifmatic  filaments  on  the  fur&ce  of  the  amal- 
gam. Other  filaments  rife  above  die  l^rft,  io  as  to  pre- 
fent  a  kind  of  vegetation  in  the  form  of  a  bulh.  Laftly, 
M.  Baum^  has  defcribed  a  way  of  obtaining  .a  tree  of 
Diana,  a  little  different  from  Homberg's  procefs,  and 
more  infailibly  attended  with  fuccefs.  He  .dire6U  to 
mix  fix  drachms  of  the  folution  of  iilver,  and  ibur 
drachms  of  a  folution  of  mercury,  by  the  iiitric  add, 
both  fully  faturated ;  to  add  to  the  mixture  five  ounces 
of  diftilled  water ;  and  then  to  pour  it  into  an  earthen 
veifel,  upon  fix  drachms  of  amalgam,  made  up  of  feven 
parts  of  mercury,  with  one  of  filver.  Either  of  thefe  pro- 
ceiTes  fucceeds  in  a  much  ihorter  time  than  Lemery's,  in 
confequence  of  the  relation  fubfiiling  between  the  metal- 
lic matters  and  their  mutual  aAion.  InJBad,  the  mercury 
contained  in  the  folution  attrads  the  mercury  of  the  amal- 
gam ;  the  filver  of  the  amalgam  a6ts  in  the  fame  way  on 
the  filver  of  the  folution :  and  of  confequence  the  fil- 
ver is  more  fpeedily  precipitated.  The  mercury  of 
the  amalgam,  being  more  than  is  requifite  to  pre* 
cipitate  the  filver  of  the  folution,  produces  a  third  ef- 
fe£l,  which  we  muft  not  fuiTer  to  efcape  unnoticed  :  It 
attra^s  the  filver  by  its  affinity  and  tendency  to  combine 
with  that  metal :  a  combination  is  actually  effe&ed  be- 
tween them  ;  for  the  vegetation  of  the  tree  of  Diana  is  a 
real  amalgam,  brittle  and  cryfbllizedc  This  cryflalli* 
zation  fucceeds  much  better  in  conical  vefiels,  fuch 
as  glaffcs,  than  in  round  or  wide  veiTels,  like  the  cucorbite 
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rommsndcd  by  M.  Baume.  It  Is  almoll  unneceflary  to 
mendon,  that  the  veiTel  mud  not  be  moved,  nor  expofed 
10  any  impolfe  which  mi-^ht  hinder  the  regular  fymme- 
trical  arraogement  of  the  amaigam. 

Coffptr  immerfed  into  a  foiution  of  filver  likewife  pre- 
qiitates  it  in  a  bright  metallic  form,  lliis  is  the  pro- 
cdi  ofuaily  employed  to  feparate  fiiver  from  its  folvent^ 
after  the  operation  of  parting.  Plates  of  copper  are 
dqiped  into  the  foiution,  or  rather  the  foiution  is  put 
iKo  a  copper  veflel ;  the  filver  is  immediately  feparated 
is  vfaitifh  grey  flakes.  When  the  liquor  becomes  blue, 
and  ceafes  to  precipitate  filver,  it  is  decanted  off.  The 
fiker  precipitated  is  repeatedly  walhed,  then  melted  in 
crcdbles,  and  pafled  with  lead  into  a  cupel,  to  feparate 
fion  it  a  portion  of  copper,  which  became  united  with 
it  in  die  precipitation,  llie  filver  which  paffes  through 
da  (^leration  is  purer  than  any  other  kind  :  it  is  no 
kft  than  twelve  penny-weights  fine.  From  thefe  two 
^afes  of  the  precipitation  of  filver  by  mercury  and  by 
copper,  it  appears  that  metals  feparated  from  their  fol- 
^^BKs  by  metallic  matters,  are  precipitated  with  all  their 
Properties.  This  phaenomenon,  as  we  have  fliown  in 
^  hiftory  of  copper,  takes  place  in  confequence  of 
^metals  immerfed  into  the  foiution  of  filver,  rob- 
^l  it  of  its  oxigene,  with  v»hich  they  have  a  greater 
affinity. 

The  muriatic  acid  does  not  diflolve  filver  immediate- 
'T;  but  it  diffolves  its  oxide  readily  enough.  This  acid, 
'^periarurated  with  oxigene,  eafily  oxidates  the  metal  r 
""^t  no  doubt,  is  the  reafon  of  what  happens  in  the 
^^»cenf rated  parting.  This  operation  confifts  in  expofing 
^0  fire,  plates  of  gold  alloyed  with  fiiver,  cemrrjted  TifU 
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a  mixture  of  fulphate  of  iron  and  muriate  of  foda :  The 
fulphuric  acid,  difengaging  the  muriatic,  communicatet 
to  it  a  portion  of  its  own  oxigene ;  and  the  muriatic 
acid  then  afls  upon  the  fil? er,  and  diflblves  it. 

There  is  a  much  eafier  and  more  expeditious  procefs 
for  combining  the  muriatic  acid  with  oxide  of  fiker. 
The  acid  is  poured  into  a  nitric  folution  of  the  metal : 
a  very  copious  precipitate  is  inftantaneoufly  formed,  and 
proves  to  be  a  combination  of  the  muriatic  acid  with 
fiiver  ;  for  the  metal  has  a  greater  affinity  with  the  mii< 
riatic  than  with  the  nitric  acid,  and  of  confequence 
forfakes  the  latter  to  combine  with  the  former*  The 
fame  combination  may  be  obtained  by  pouring  muriatic 
acid  into  a  folution  of  fulphate  of  filver ;  for  this  acid 
has  likewife  a  greater  affinity  than  the  fulphuric  with 
the  metal.  The  muriatic  acid  may  alfo  be  combined 
with  filver,  by  heating  the  acid  with  oxide  of  the 
metal  precipitated  from  the  nitric  acid  by  fixed  al^ 

Itali. 

Muriate  of  filver  poffefles  various  properties  worthy 
of  notice.  It  is  remarkably  fufible.  When  expofed  in 
a  phial  to  a  moderate  heat,  fuch  as  that  of  hot  aihes,  it 
melts  into  a  grey  femitranfparent  fubftance,  bearing  no 
J  mall  refemblance  to  horn  ;  and  for  this  i;eafon  called 
luna  cornea.  If  run  upon  a  furface  of  porphyry,  it  fixes 
into  a  friable  matter,  appearing  to  be  cryftallized  in 
fine  filver  needles.  When  long  heated  in  contaft  with 
^ir,  it  is  dtcompofed  ;  it  pafle*  eafily  through  the  cru- 
cibles; one  part  of  it  is  volatilized,  and  another  reduced 
to  metal ;  fo  that  it  now  takes  the  form  of  filver  glo- 
bules difperfed  through  muriate  of  filver  ;  a  portion  oi 

the  fait  remaining;  not  dccompofcd.    This  fait,  whc^ 
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expoTed  to  light,  lofes  its  whitenefs,  and  becomes  fpeedi- 
ly  brown*     It  diflblves  in  water  ;  but,  according  to  an 
experiment  of  M.  Monnet^s,  a  pound  of  dilVilled  water 
diflfolfes  only  three  or  four  grains.     Alkalis  are  capable 
of  decompofing  muriate  of  filver,  when  it  is  either  dif- 
fchcd  in  water,  or  expofed  to  fire,  together  with  any  of 
Aefe  falts.     This  is  one  way  of  obtaining  the  fined  and 
porcft  filver  poflible.     Mix,  for  this  purpofe,  four  parte 
of  potalh,  or  carbonate  of  potafh,  with  one  of  muriate 
of  filter:  Put  the  mixture  into  a  crucible,  and  melt  it; 
rficn  it  is  completely  melted,  take  it  out  of  the  fire  ; 
fcffcr  it  to  cool,  and  then  break  it.:  feparate  the  filver; 
«hich  is  found  undet  the  muriate  of  potafh  formed  du- 
ring this  operation,  and  the  excefs  of  alkali.  M.  Baumc^ 
to  trhom  we  owe  this  procefs,  afferts,  that  the  quantity 
rftlkali  which  he  direfts  to  be  employed,  hinders  the 
Bmriate  of  filver  from  paffing  through  the  crucible,  by 
sfiing  on  all  its  parts,  and  decompofing  them  at  once. 
Margraff  has  given  another  procefs  for  reducing  this  fait, 
Md  obtaining  fTx>m  it  filver  perfeftly  pure.     Triturate 
manortar  five  drachms  and  fixteen  grains  of  muriate 
of  fihrer,  with  an  ounce  and   an  half  of  ammoniacal 
wbonate,  and  as  much  didilled  water  as  may  be  fuf- 
fioeat  for  making  it  into  a  pafte  :  llir  this  mixture  till 
4c  fvelling  and  efiervefcence  which  at  firft  take  place  in 

• 

*tceafe:  then  add  three  ounces  of  pure  mercury,  and 
triturate  the  whole  till  it  be  formed  into  a  beautiful 
imalgatn  of  filver :  wafii  it  with  a  gdod  qusfntity  of  wa- 
^';  cotttimie  the  trituration,  and  repeat  the  wafhing 
™l  tbe  water  run  off  ver}'  clear,  and  the  amalgam  be- 
come very  bright :  then  dry  the  amalgam,  and  diftil  it 
^2  retort  rill  the  veflVl  take  a  whits  red*  colour:  the 
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tnercury  now  pafles  into  the  receiver,  and  the  (ilver  is 
found  in  an  high  flate  of  purity  at  the  bottom  of  the 
retort.  In  this  manner  the  metal  may  be  obtained  of 
the  higheft  purity  poflible,  and  without  any  fenfible  lofs. 
'Phis  fort  of  filver  ibould  be  ufed  in  nice  chemical  ex- 
periments. The  water  employed  to  wafh  this  mixture 
carries  off  two  fubftances ;  a  certain  quantity  of  am- 
moniacal  muriate,  which  it.  holds  in  folution,  and  a 
white  powder  not  foluble  in  water.  When  the  white 
powder  i^  fublimated;  there  is  a  fmall  quantity  of  filver 
found  at  the  bottom  of  the  fubllmatory  velTel.  This 
experin^ent  proves,  that  muriate  of  fdyer  cannot  be  com- 
pletely decompor^d  otherwife  than  by  double  affinity^ 
In  fa£t,  in  Margraff's  procef^,  the  caufe  of  the  ammoniac 
combining  w^th  the  muriatic  acid  is,  that  the  filver  is 
fiid  detached  from  the  acid  by  the  mercury,  and  the 
j^lkali  then  becomes  capable  of  effeding  an  ev^t  which 
it  cuuld  not  otherwife  haye  produced.  3ut  this  tedious 
and  expeniive  operation  c^n  only  be  employed  in  the 
fmall  way,  find  in  the  laboratory.  To  reduce  a  great 
quantity  of  muriate  of  filver  at  once,  either  fixed  alkaU, 
or  fome  metallic  fubdance  having  a  greater  aflSaity 
than  filver  with  thp  muriatic  acid,  muft  be  employed 
Such,  among  others,  are  antimony,  lead,  tin,  iron,  &c. 
One  part  of  muriate  of  filver  melted  in  ^  crucible,  with 
three  parts  of  any  of  thefe  matters,  affords,  at  the  bot- 
tom of  the  crucible,  the  filver  reduced  and  feparatc; 
while  the  metal  employed  to  produce  the  feparatioQ 
^ppears^  in  union  with  the  muriatic  acid,  llie  filver  pr^ 
Cipitated  in  this  manner  is  very  impure  ;  it  always  coo* 
tains  more  or  lefs  of  the  metal  employed  to  feparate  it.; 
^d  as,  in  compliance  with  the  advice  of  Kunckel,  lead 
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is  moft  commonly  employed  for  the  purpofe,  this  (ilver 
needs  to  be  cupelled ;  nor  can  it  even  be  rendered 
equally  pure  with  that  which  is  reduced  by  alkalis,  or  by 
Margraflfs  procels. 

The  nitro-muriatic  acid  a£ts  with  confiderable  forc^ 
on  filver ;  and,  as  it  diiTolyes  it,  caufes  it  to  precipitate* 
The  manner  in  which  this  effect  takes  plaCe  may  b^ 
eafily  onderftood  :  the  nitric  acid  diflblves  the  metal  at 
die  firft,  and  the  muriatic  acid,  detaching  itfelf  front 
'  the  nitric,  forms  a  neutral  fait  with  the  filver ;  which, 
haring  no  great  tendency  to  folution,  is  depofited  in  fe- 
diment.  This  procefs  may  be  ufed  to  feparate  filver 
from  gold. 

We  know  but  little  about  the  manner  in  which  the 
other  acids  a£t  upon  filver ;  only,  a  folution  of  boras: 
produces  in  the  nitric  folution  of  this  metal  a  very  co- 
pioQs  white  precipitate;  which  precipitate  confifts  of 
horadc  acid  in  union  with  oxide  of  (ilver. 

This  metal  does  not  appear  liable  to  be  altered  by 
Central  falts.  It  is  certain,  at  leafl,  that  it  does  not  de- 
tonize  with  nitre,  nor  decompofe  ammoniacal  muriate* 
Sihrer,  in  confequence  of  its  being  unalterable  by  nitre, 
nay  be  eafily  feparated  from  imperfeft  metals,  fuch  aS 
co{^)er,  lead,  he.  by  detonizing  them  with  that  fait. 
This  metal,  alloyed  above  the  juft  proportioa  with 
fome  of  the  bafer  metals,  is  melted  yath  nitre :  the  fait 
ionizing  bums  the  imperfed  metal ;  and  the  filvet 
^b  to  the  bottom  of  the  crucible  in  a  fhite*  of  mudi 
higher  purity. 

Almoft  all  combuflible  matters  a^  with  ihore  or  lef^ 
^ce  on  filver.  No  metal  is  fooner  tarnifhed  or  colour^ 
*■  by  inflammable  matters-     Sulphurated  hydrogenous 
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gas,  from  whatever  fubflance  difengaged,  communkatts 
to  filver,  the  inftant  it  conies  into  contact  with  it,  a  blue 
or  violet  colour,  inclining  to  black,  and  confiderably 
diminifhes  its  dudility.  It  is  known  that  foetid  animal 
vapours,  fuch  as  proceed  from  houfes  of  office,  from 
putreired  urine,  and  from  hot  eggs,  produce  the  fame 
effeft  on  this  metal.  The  mutual  adiion  of  thefe  bodies, 
and  the  combination  which  takes  plac€  on  the  occafioQi 
have  not  yet  been  examined. 

Sulphur  combines    very  readily   with   filvcr.    This 
combination  is  ufually  eiieded  by  ftratifying  on  a  cm* 
cible  plates  of  the  metal  with  flowers  of  fulphur,  and 
melting  the  mixture  haftily  :  the  refult  is  a  violet  black 
xnafs,  much  more  fufible  than  filver,  brittle,  and  needledf 
in  a  word,  a  true  artificial  ore.    This  compofitioQ  ii 
eafily  decompofed  by  the  aflion  of  fire,  on  account  of 
the  volatility  of  fulphur,  and  the  fixity  of  iiiver :  the 
fulphur  is  confumed  and  diilipated,  leaving  the  iiiver 
pure.    Alkaline  fulphure  diiTolves  this  metal  in  the  dry 
way :  on  melting  one  part  of  iiiver  with  diree  of  fulphure 
of  potaih,  the  metal  difappears,  and  may  be  difiblyed  in 
water  together  with  the  fulphure.    An  acid  poured  into 
the  folution  produces  a  black  precipitate  of  fttlphurated 
filver.     Leaves  of  Iiiver  put  into  a  folution  of  fulphure 
of  potafli  fpeedily  take  a  black  colour ;  and  it  ai^)eaD 
that  the  fulphure  forfakes  the  alkali,  to  unite  with  the 
metal  and  mineralize  it }  as  we  have  already  obferved 
of  mercury. 

Arfenic  combines  with  filver,  and  renders  it  brittlet 
"We  know  not  yet  how  the  acid  of  arfenic  affe£U  tiu^ 
metal* 
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It  combines,  but  not  without  great  dif&culty,  with 
cobalt. 

It  enters  readily  enough  into  an  alloy  with  bifmuth^ 
forming  with  it  a  brittle  mixed  metal,  the  fpecific  gra« 
vity  of  which  is  greater  than  that  of  either  of  the  two 
metals  taken  feparately.  According  to  Cronftedt,  iilver 
does  not  unite  with  nickel.  Thefe  metals,  when  melted 
together,  are  difpofed  feparately,  one  belide  the  other,  as 
if  their  fpecific  gravities  were  prccifely  equal. 

It  melts  with  antimony  into  a  very  brittle  alloy.  It 
appears  to  be  capable  of  decompofing  fulphure  of  an- 
timony^ by  combining  with  the  fulphur  of  that  mine- 
xal,  with  which  it  has  a  greater  affinity  than  antimony 
has. 

Silver  eafily  combines  with  isinc  by  fufioh*  From 
this  combination  there  refults  an  alloy  granulated  at  the 
furface,  and  very  brittle^ 

,  In  mercury,  even  cold,  it  is  completely  diflblved.  AH 
diat  is  neceffaty  to  efFe£t  this  folution,  is  to  malaxate 
leaves  of  iilver  with  this  metallic  fluid :  an  amalgam  is 
by  this  means  infiantaneoufly  produced ;  the  conliilency 
of  which  varies  with  the  refpedive  quantities  of  the  two 
fubfiances.  This  amalgam  may  be  brought  into  a  regu* 
lar  form  by  fuiion  and  flow  evaporation :  it  affords  tetra« 
hcedral  ptifmatic  cryflials,  terminating  in  pyramids  of  the 
fame  form.  The  mercury  becomes  in  feme  degree  fixed 
in  this  combination  :  for,  to  feparate  it  from  the  iilver,  a 
ftronger  heat  is  required  than  what  is  fufficient  to  volati- 
lize it  when  taken  by  itfelf.  Silver  decompofes  corrofive 
mercurial  muriate,  cither  in  the  dry  or  in  the  humid 
way. 

It  unites  perfedlly  with  tin  :  but  entirely  lofes  its  due* 
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tility  when  alloyed  with  ever  fo  fmall  a  proportion  of  that 
metal. 

It  enters  readily  into  union  with  lead,  which  renders 
it  very  fufible,  and  deftroys  its  elaiticity  and  fonorouf- 
nefs. 

It  forms  an  alloy  with  iron,  which  might  perhaps  be 
very  advantageoufly  employed  in  the  arts. 

Laftly,  It  melts  and  combines  in  any  proportion  wldi 
copper.  Copper  does  not  deflroy  its  ductility ;  but  ren^ 
ders  it  harder  and  more  fonorous  ;  and  the  alloy  is 
often  employed  in  the  arts. 

Silver,  on  account  of  its  dudility,  iind  its  being 
proof  againft  the  attacks  of  fire  and  air,  is  a  metal  fin- 
guiarly  ufeful.  Its  luftre  recommends  it  for  an  oma« 
ment :  it  is  laid  on  the  furfaces  of  various  bodies,  and 
even  of  copper :  it  is  wrought  into  fluffs,  and  adds  Cdif 
iiderably  to  their  beauty.  But  the  moft  important  ufe 
for  which  it  ferves^,  is  that  of  a  good  n^terial  out  <tf 
which  vefTels  of  all  kinds  may  be  made  ;  and  its^  hard* 
nefs  and  ductility  render  it  peculiarly  fuitable  for  this 
purpofe.  The  filvcr  wrought  into  plate  is  commoniy 
alloyed  with  -^^  of  copper,  which  improves  its  hardnels 
and  cohefion,  without  rendering  it  in  any  degree  dange- 
rous to  the  health  of  thofe  who  ufe  it ;  for  twenty-three 
parts  of  filver  are  fufKcient  to  deflroy  all  the  noxious 
qualities  of  one  part  of  copper. 

Laflly,  Silver  is  coined  into  money,  and  nfed  as  a 
iign  of  value  for  all  forts  of  commodities ;  but  in  this 
cafe  it  IS  alloyed  with  ~  ^^  copper,  and  is,  of  eonfe* 
quence  only  eleven  penny- weights  fine. 

♦  Br'tifb  filvcr  roonfy  is  11  penny- weights  2  grains  fine.     H. 
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GOLD,  the  fun  of  the  alchemifts,  is  of  all  known 
metals  the  mod  perfed,  and  the  lead  liable  to  al- 
teration :  its  colour  is  a  bright  yellow.  It  is,  next  after 
fdatina,  the  mod  ponderous  body  in  nature  :  In  water 
it  lofes  only  between  a  nineteenth  and  a  twentieth  part 
of  its  weight :  neither  its  hardnefs  nor  its  elafticity  is 
very  conliderable*  Its  duftility,  of  which  gilding  and 
gold  wire  afford  fuch  amazing  proofs,  is  fo  great,  that 
an  ounce  of  gold  is  fufBcient  to  gild  a  filver  wire  four 
hundred  and  forty-four  leagues  in  length  ;  and  it  is  re- 
ducible into  leaves  that  may  be  carried  about  before 
the  wind.  It  is  calculated  by  Lewis,-  that  a  grain  of 
gold  will  cover  an  area  more  than  fourteen  hundred 
inches  fquare*  It  is  the  mod  tenacious  of  all  metals  ; 
for  a  wire  of  gold^  one  tenth  of  an  inch  in  diameter,  is 
fufficient  to  fupport  five  hundred  pounds  weight  without 
breaking.  Gold  foon  becomes  hard  and  brittle  under 
the  hammer ;  but  heat  redores  its  du^ility, 
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The  colour  of  gold  is  fubjc£k  to  a  good  many  varie- 
ties. It  is  fometimes  more  or  lefs  yellow  or  pale,  and 
fometimes  almoft  white :  thefe  difiFerences,  however, 
appear  to  bt  owing  to  fome  mixture.  Gold  has  neither 
tafte  nor  fmell :  It  cryftallizes  by  cooling  into  fliort 
quadrangular  pyramids.  Mefirs  Tillet  and  Mongez  ob- 
tained it  in  this  form. 

Gold  is  foundin  nature  alr^oft  conftantly  in  a  pure 
and  virgin  (late.  It  is  fometimes  met  with  in  fmall 
maffes,  either  folitary  or  continuous,  and  in  a  bed  of 
quartz :  At  other  times  it  is  in  fmall  fpangles,  among 
fand,  at  the  bottom  of  rivers*  LaRly,  It  is  extraded 
from  various  ores,  into  the  compofition  of  which  it 
enters ;  fuch  as  galena,  blende,  red  filver  ore,  and  vir- 
gin filver.  It  Is  almoft  always  united  with  a  certak 
quantity  of  filver,  or  fome  other  metal,  farming  thet 
a  natural  alloy. 

There  are  feveral  varieties  of  native  gold.  It  ezifti 
in  plates,  in  grains,  in  cryftals  ;  which  are  either  oda- 
haedral,  in  prifms  of  four  faces,  or  ftriated  in  filaments^ 
and  in  irregular  maffes.  M.  Sage  thinks,  that  natire 
gold  in  prifms  is  combined  with  a  certain  quantity  of 
mercury,  which  renders  it  brittle. 

Modern  mineralogifts  reckon  up  various  fpecies  of 
gold. 

1.  Native  gold  in  union  with  filver,  copper,  iron, 
&c.  It  is  found  in  Peru,  Mexico,  Hungary,  Tranfyl* 
vania,  &c. 

2.  Auriferous  pyrites  :  ?t  is  not  cafily  diftinguilbed 
from  other  pyrites  by  the  eye  :  we  difcover  the  gold  by 
diffolving  it  in  the  nitric  acid,  and  wafliing  the  refidoc. 
Gold  is  only  mixed,  not  combined,  m  martial  pyrites. 

Some 
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Some  aifeiiical  pyrites,  particularly  thofeof  Saltzbergh 
in  Tyrol,  contain  likewife  a  little  gold. 

3.  Gold  mixed  vith  iilver,  lead,  and  iron  mineralized 
i^  fiilphor.  This  auriferoas  ore  is  of  a  Tery  mixed  na- 
ture. AcoM-ding  to  M.  Sage,  it  is  found  to  ccmtain 
blende,  galena,  fpecolar  antimony,  copper,  filver,  and 
inn }  the  gold  melts,  and  drops  out  vith  the  lead,  when 
the  mafs  is  ezpofed  to  heat.  It  como  from  Naggyac 
IB  Truifylvania* 

Gold  ore  is  aflayed  in  di£Ferent  ways,  according  to 

is  nature ;   pulverization  and  waihing  are   fufficient 

^itfa  native  gold.     Gold   alloyed    with   other  metals 

^Nift  be  roafied,  melted,  and  cupelled  with  lead,  and 

Parted. 

It  is  very  eafy  to  conceive  in  what  way  gold  is  ex« 
^'^dicd  from  its  wes,  after  what  has  been  already  faid 
^^  metallurgy  in  this  work.  Native  gold  needs  only  to 
^  feparated  from  its  gangue.  For  this  purpofe,  it  is 
^rft  pounded  ;  tb«i  waflied,  to  feparate  the  powder  of 
^e  gangue ;  then  triturated  in  a  mortar  full  of  water, 
%itii  10  or  12  parts  of  mercury ;  the  water  being  pour- 
^  off  after  this  operation,  waflies  away  every  earthy 
Ixutide  from  the  metallic  fubitance  When  the  amal- 
^m,  thus  formed,  appears^  to  be  fufficiently  purified 
&om  earth,  it  is  ftrained  through  goat-ikins.  Great 
^nit  of  the  mercury  pafies  through  ;  a  certain  quantity 
i-emains  ftiU  united  with  the  gold.  The  amalgam  is 
next  heated,  and  the  mercury  feparated  from  it  by  di- 
flillaticm ;  the  pure  gold  obtained  by  this  diftillation  is 
then  melted,  and  run  into  bars  or  ingots.  With  refpecfc 
to  die  gold  that  is  found  in  combination  in  the  ores  of 
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other  metals,  fuch  as  lead,  copper,  (ilver,  it  is  extrafted 
by  eliquation,  cupellation,  and  parting.  The  lead  which 
runs  down  from  the  eliquation  of  copper,  carries  with 
it  the  filver  and  the  gold.  It  is  then  cupelled,  to  fepa« 
rate  the  lead  ;  and  the  filver,  as  we  (hall  hereafter  men« 
tion,  is  feparated  by  parting. 

Gold  expofed  to  fire  becomes  red-hot  before  it  melts^ 
When  very  red,  it  affumes  a  dazzling  luftre,  and  a  clear 
green  colour,   like  that  of  the  aqua-marina.     It  does 
not  melt  till  its  colour  change  to  a  white  red;  when 
cooled  flowly  it  cryftalHzes.      It  fuffers  no  alteration^ 
however  long  it  be  expofed  to  fire,  and  however  intenfe 
the  heat ;  for  Kunckel  and  Boyle  found  gold  to  have 
undergone  no  alteration  by  being  expofed  for  feveraL 
months  to  the  fire  of  a  glafs-houfc.     This  inalterability 
of  nature  is  only  relative,  however,  to  the  degrees  of  hea 
which  we  are  capable  of  applying  to  it  by  the  ufe  o 
combuftible  matters  ;  for  it  appears  that  a  much  mor^ 
intenfe  and  aftive  heat,  fuch  as  that  of  glafs  lenfes,  de— 
ftroys  the  metallic  properties  of  gold.     Romberg  obfer— 
ved,  on  expofing  this  metal  to  the  focus  of  a  lens  oF 
Tfchirnhaufcn*s,  that  it  fmoked,  became  volatile,  and 
was  even  vitrified.    Macquer  obferved,  on  expofing  gold 
to  the  focus  of  M.  1  rudaine's  lens,  that  it  melted,  and 
exhaled  a  finoke  which  gilded  filver,  and  could  there- 
fore be  nothing  but  gold  volatilized  ;  that  the  globule 
of  melted  gold  was  agitated  by  a  rapid  internal  motion, 
and  became  covered  with  a  rough  pellicle,  (hrivelledj 
and  feemingly  earthy  ;  and  that  a  violet-coloured  vitri- 
fication was  at  length  formed  in  the  middle  of  the  gold. 
The  vitrified  part  was  by  degrees  enlarged,  till  it  form* 
ed  a  kind  of  cap  of  a  larger  curvature  than  the  globule 
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of  gold,  and  clofely  enchafed  in  the  gold  in  the  fame  man- 
ner as  the  tranfparent  cornea  appears  enchafed  in  the  fcle- 
rotka  of  the  eye  The  extent  of  the  glafs  became  gradually 
larger,  and  the  gold  was  diminiihed.  The  furface  ou 
which  it  refb  is  always  coloured  with  a  purple  tinge, 
which  leems  to  be  owing  to  the  glafs  which  it  has  ab« 
Ibrbed. 

Time  did  not  allow  Macquer  to  vitrify  a  given  quan- 
tity of  gold  completely.     He  obferved,  that  it  would  be 
oeceflary  to  reduce  the  violet   glafs  with  combuftible 
oiatters,  in  order  to  know  whether  it  would  afford  gold, 
siul  whether  it  were  oxide  of  that  perfe&  metal.    At 
Uy  rate,  we  are  of  opinion,  that  vitrified  gold  may  be 
^onfidered  as  a  true  oxide  of  gold ;  and  we  are  the  ra- 
^er  induced  to  adopt  this  opinion,  becaufe  in  a  num« 
^er  of  operations,  which  we  (hall  immediately  proceed  to 
<^fcribe,  it  invariably  takes  a  purple  colour ;  and  feveral 
[Reparations  of  it  are  ufed  for  giving  this   colour  to 
^ctamel  and  porcelain*     Gold,  then,  like  other  metallic 
'^^^tters,  may  be  reduced  to  calx ;  only,  like  diver,  it 
^^uires  a  more  intenfe  heat,  and  longer  time  to  make 
^^  combine  with  the  bafe  of  vital  air,  than  any  ether  me- 
^^ilic  matter  :  thefe  circumftances,  no  doubt,  bear  a  near 
^elation  to  its  extraordinary  denfity,  and  its  faint  ten- 
dency or  averfion  to  combine  with  oxigene.     It  is  re^ 
^uced   to    a    purpliih    oxide    by    ele^rifying   it  vio- 
lently. 

Gold  fuffers  no  alteration  from  the  adion  of  air.  Its 
fur&ce  is  only  tarnifhed  by  the  extraneous  bodie$ 
which  are  continually  floating  in  the  atmofphere.  Wa- 
ter does  not  alter  it  in  any  way;  from  the  experi^ 
ments  of  Garaye,  however,  it  appears  that  this  fub^ 
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fiance  gradually  divides  it  in  the  fame  manner  u 
iron. 

Gold  in  its  metallic  ftate  does  not  combine  with  earths 
or  falino-terrene  fubftances.  Its  oxide  enters  into  the 
compofition  of  glaiTes,  and  communicates  to  them  a  vioiet 
or  purple  colour. 

Gold  is  not  liable  to  fuSer  from  the  attacks  of  the 
fulphuric  acid,  however  highly  concentflted,  and  even 
aififted  by  heat.  . 

The  nitric  acid  diflblves  a  few  particles  of  this  metal ; 
but  it  is  perhaps  rattier  mechanically  than  by  true  com« 
binaticn.  Brandt  was  among  the  fir  ft  chemifts  who  af- 
ferted  gold  to  be  foluble  in  the  nitric  acid  :  the  fa£k  hat 
been  fince  confirmed  by  the  experiments  of  Scheffer  and 
Bergman.  But  we  muft  obferve,  that,  according  to  ex- 
periments made  by  the  whole  chemifts  of  the  Academy 
of  Paris,  the  nitric  acid  produces  this  effeft  only  in  cer- 
tain circumftances.  M.  Deyeux,  member  of  the  Col^ 
lege  of  Pharmacy,  has  remarked,  that  the  acid  of  nitre 
diffohre.^  gold,  only  when  it  is  ruddy,  and  contains  ni* 
trous  gas.  According  to  him,  the  acid  is  not  pure  in 
this  ftate  :  he  calls  it  acid  impregnated  with  gas,  and  de- 
fcribes  it  as  a  kind  of  aqua-regia.  We  have  elfewherc 
(hown  in  what  confifts  the  difierence  between  the  nl-' 
trous  and  the  nitric  acid. 

The  muriatic  acid  alone,  and  in  a  ftate  of  purity,  adf 
not  upon  gold  in  any  fenfible  degree.  Scheele  and  Berg- 
man have  difcovered,  that  the  oxigenated  muriatic  acid 
diftblves  gold  in  the  Ainte  way  as  aqua^regia  ;  and  fonnt 
alfo  with  the  metal  the  fame  fait  which  it  forms  with 
the  mixed  acid  ufually  employed  to  diflblve  it.  It  is  die 
excefs  of  oxigene  united  with  the  muriatic  acid  which 
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faufes  the  folution  to  take  place :  it  it  accompanied  with 
lo  fenfible  efTervefcence,  like  the  other  folutidns  of  me- 
:als,  by  the  oxigenated  muriatic  acid. 

Aqua^regia  has  been  confidered  as  the  true  folvent  of 
^Id.  It  diiToIves  it,  however,  no  better  than  the  oxi« 
^nated  muriatic  acid.  As  it  would  be  improper  to  re- 
peat here  what  we  hare  elfewhere  faid  concerfting  the 
nature  and  properties  of  this  mi^ed  acid,  and  the  ya- 
rieties  to  which  it  is  liable,  according  as  the  proportions 
of  the  two  acids  by  the  combination  of  which  it  is  form- 
ed Tary ,  we  (hall  fpeak  only  of  the  manner  iH  wftidi  it 
t&s  upon  gold.  As  ibon  as  the  nitro-muriatic  acid  corner 
into  contaft  with  this  metal,  attacks  it  with  an  efferver- 
cence  ;  which,  the  more  conceiitrated  the  acid^  the  hot- 
ter the  temperature,  and  the  more  divided  the  intrant 
parts  of  the  gold,  is  To  much  the  more  lively.  This  ope« 
ration  may  be  more  fpeedily  effe£te4  by  a  moderate 
heat ;  at  leaft  a  moderate  heat  is  favourable  in  the  be- 
ginning of  the  procefs.  Bubbles  then  rife  in  conftant 
fucceiiion,  till  a  part  of  the  metal  be  diflblved.  This  ac- 
tion by  degrees  ceafe$ ;  ftirring  or  heat  is  requifite  to 
make  it  continue.  Nitrous  gas  is  difengaged  while  the 
folution  is  taking  place.  The  nitro-muriatic  add,  when 
faturated  with  the  full  quantity  of  gold  which  it  is  ca- 
pable of  diflblving,  takes  a  yellow  colour  of  a  lighter  or  a 
deeper  fhadct  It  is  confiderably  cauftic  y  it  tinges^  ani- 
mal matters  with  a  deep  purple  colour,  and  corrodes 
them.  When  evaporated  with  proper  managepient,  it 
affords  cryftals  of  a  beautiful  golden  colour,  refembling 
topazes,  and  appearing  to  be  truncated  odabaedrons, 
and  fometimes  tetrahaedral  pnfms.  It  is  difEcult  enough 
po  pbtain  this  cryftalli^ation*     M«  Monnet  thinks  it 
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owing  to  a  neutral  fait,  ready  formed  iii  the  nitro-ma« 
tiatic  acid ;  and  aflerts,  that  in  order  to  obtain  it,  the  aqua* 
regia  made  ufe  of  fhould  be  compofed  of  nitric  acid  with 
ammoniacal  muriate,  or  muriate  of  foda.  A  mixed  acid 
prepared  in  this  manner  cannot  but  contain  nitrate  of 
of  foda,  or  ammoniacal  nitrate.  It  is  either  the  one  or 
the  other  of  thefe  neutral  fahs,  according  to  the  chemift 
whofe  opinion  we  are  mentioning,  which  occaiions  the 
cryftallization  of  gold.  It  appears,  however,  that  a  fo- 
lution  of  gold  in  nitro-muriatic  acid,  made  up  of  pure 
acids,  is  capable  of  affording  cry  (lals ;  and  Bergman  conii- 
ders  the  fait  as  muriate  of  gold.  Xhefe  cryftals,  when 
heated,  melt  and  take  a  red  colour.  This  fait  powerfully 
attracts  the  moifture  of  the  atmofphere.  A  folution  of 
gold  gives,  by  diftillation,  a  beautiful  red  colour,  whicbis 
nothing  but  muriatic  acid  impregnated  with  a  little  gold. 
The  alchemifts  who  have  laboured  fo  much  upon  gold, 
called  this  liquor  red  lion.  A  few  golden  cryftals  are 
like  wife  fublimated,  the  colour  of  which  is  a  reddifh  yel- 
low. Mod  part  of  the  metal  remains  at  the  bottom  of 
the  crucible ;  and  fufion  purifies  it,  fo  that  it  again  dif- 
plays  all  its  properties. 

The  folution  of  gold  may  be  decompofed  by  a  great 
many  intermedia.  Lime  and  magnefia  precipitate  the 
gold  in  the  form  of  a  yeliowifh  powder.  Fixed  alkalis 
afford  the  fame  phccnomenon.  But  it  is  to  be  obferved, 
that  the  precipitate  is  but  very  flowly  formed  ;  and  the 
folution  takes  a  reddifh  colour,  if  more  alkali  be  employ* 
ed  than  what  is  abfolutely  requifite ;  for  the  excefs  of  al« 
Kali  again  diffolves  the  precipitated  gold.  The  precipi* 
tate  of  gold  may  be  reduced  by  heat  in  clofe  veffels ;  it 
is  an  oxide  which  readily  gives  out  its  oxigene  in  the  Ibtc 
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of  fital  ain  This  oxide,  however,  is  fuiible  with  vitreous 
matters,  and  commimicates  to  them  a  purple  colour ; 
fee  eoauaels  and  porcelain  are  coloured  with  a  precipitate 
of  gold,  formed  by  mixing  a  folution  of  gold  with  li- 
quor of  flints. 

Gold  precipitated  by  fixed    alkali  exhibits  likewife 
aaocber  property,  very  different  from  thofe  which  gold 
poflefles  in  its  metallic  flate :  it  is  foluble  in  pure  fal- 
pburic,  nitric,  or  muriatic  acid.      All  of  thefe  acids, 
vbeo  heated  on  the  yellowiih  precipitate  of  gold,  readily 
[      diflblve  it ;  but  they  do  not  take  up  fo  much  of  it  as  to 
i&M'd  cryfials.    When  thefe  folutions  are  evaporated, 
<hc  gold  is  very  quickly  precipitated  ;  the  lame  thing 
^mppens  by  reft.    M.  Monnet  has  obferved  a  faft  con- 
vening the  precipitation  of  gold  by  nut-gall  *^  which 
QUift  nor  be  forgotten  ;  it  is^  that  the  precipitate  which 
^  reddilh,  diflblves  very  well  in  the  nitric  acid,   and 
communicates  to  it  a  beautiful  blue  colour. 

Voju  III*  K  Ammonaic 

*  As  we  hare  taken  notice  only  of  the  precipitation  of  iron  by 
Btjt-gally  we  (hall  give  a  (hort  account  of  the  phenomena  which  this 
^^gent  fubftance  exhibit  with  moft  other  metallic  fubftances. 

Noi^gall,  with  the  folution  of  cobalt »  giTct  a  dear  blue  precipitate  ; 
^  the  folution  of  iiact  aa  a(h-gretn  precipitate ;  with  the  folutioQ 
^Copper,  a  green  precipitate,  which  becomes  grey  and  reddifli ;  with 
'  A^ntion  of  filver»  it  gives  firft  reddilh  tLrix^  which  take  afterwards 
^   colour  of  burnt  coffee  ;  with  the  folution  of  gold,  a  purple  preci* 
^^Ze.     Thefe  fa6b  have  been  obfcnred  and  defcribed  by  M.  Monnet ; 
'"^  lie  has  obfcnred  farther,  that  thefe  precipitates  are  fuluble  in  acids  ; 
dnt  alkalis  combine  with  the  latter  fohitions  without  producing 
ipiutcs. 
^!*he  academicians  of  Dijon  have  added  to  thefe  fads  the  following 
ob^rrations.     i.  The  folution  of  arfcDic  is  not  altered  by  nu(- 
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Ammonis^  precipitates  the  folution  of  golcf  in  muc&" 
greater  abundance.  This  precipitate  is  of  a  brown  yet 
low,  and  fometimes  of  an  orange  colour  ;  when  expofed 
even  to  a  moderate  heat,  it  detonizes  with  a  coniiderable 
Aoife ;  it  has  been  c^WtA  fulminating  gold.  Ammoniac  ii 
indifpenfibly  neceffary  to  its  produdHon.  It  may  be 
formed,  either  by  precipitating,  by  fixed  alkali,  afolation 
of  gold  made  in  nitro-muriatic  acid,  compofed  with  ammo- 
niacal  muriate ;  or  rather,  by  precipitating,  by  ammoniac, 
a  folution  of  gold  made  in  aqua-regia,  cqmpofed  of  pure 
nitric  and  muriatic  acid.  The  fulminating  gold  thuf 
obtained  is  always  one  fourth  more  in  quantity  than  the 
gold  diflblved  in  the  aqua-regia.  There  are  fome  precau- 
tions necef&ry  to  be  taken  in  order  to  efcape  fufferiag 
from  the  terrible  effects  of  fulminating  gold.  In  die 
firft  place,  it  muft  be  dried  cautioufly,  and  in  the  open 
air,  at  a  diftance  from  any  fire ;  for  a  very  moderate  de- 
gree of  heat  is  fufficient  to  make  it  fulminate.  As  fric- 
tion alone  would  be  enough  to  make  it  give  an  explo- 
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gall  $  with  the  folntton  of  bifmuthy  nut-gall  produces  a  gi^eenifli  prtd* 
pitate  ;  with  the  folution  of  nickel,  a  white  precipitate ;  with  the  foIi> 
tion  of  antimony,  a  bluifh  grey  precipitate ;  with  lead,  a  flaty  fedimest, 
the  furface  of  which  is  covered  with  pellicles  of  a  Riixed  green  and 
red  colour ;  laftly,  the  folution  of  tin  takes  a  dirty  grey  coloiir,  bf 
mixture  with  nut-gall,  and  gives  a  copious  precipitate,  fomewhftot* 
mucilaginous  nature.  Under  the  article  of  the  Gallic  Acid,  or  scid 
of  gallC  in  the  vegetable  kingdoms,  fcveral  of  thcfe  fads  will  agsni 
draw  our  attention. 

It  may  be  proper  taobfcrvc  here,  that  the  experiments  of  M.  Mono^ 
•nd  of  the  academicians  of  Dijon,  were  made  with  a  decoAion  of  ^ 
BOt-gall :  whilft  thofe  which  will  be  taken  notice  of  in  the  tegetsbv 
kingdom,  refer  to  the  adion  of  the  ^alTie  acid  on  metallic  foloti^'*^ 
which  accounts  for  the  dificrecce  of  the  rcfults  in  the  two  cafes.    ^' 
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fio&i  the  veflels  into  which  it  is  put  muft  be  flopped  dniy 
widi  cork.  Some  unlucky  accidents  have  ihevrn,  that 
cryftal  ftoppers,  by  their  fridion  on  the  necks  of  the 
bottles,  may  caofe  fuch  particles  of  the  powder  as  adhere 
to  dm  part  of  the  bottle  to  fulminate ;  and  by  commu- 
nication with  the  reft  of  the  powder,  to  produce  the  moft 
dangerous  effefts.  A  terrible  accident  happened  inM* 
Biamf's  hboratory,  of  which  he  has  given  an  account 
ID  his  Theory  and  PraSice  (fCbemiftry. 

Chemifts  have  entertained  various  opinions  concern* 
ii^  the  cauie  of  the  detonation  of  fulminating  gold» 
Banm^  gave  it  as  his  opinion,  that  in  this  inftance  there 
vat  formed  nitrous  fulpburej  which  he  confidered  as  the 
fofanmating  principle  of  this  compound*  But  Bergman 
bai  proved  his  theory  inadmiffible,  having  formed  fulmi- 
nating gold  without  nitric  acid,  by  diflblving  a  precipi* 
Ute  of  gold  in  fulphuric  acid,  and  precipitating  it  anew 
bf  ammonaic.  Neither  can  the  fulmination  of  this  gold 
be  owing  to  ammoniacal  nitrate ;  for  after  being  copioufly 
vsflied  in  water,  which  would  certainly  carry  off  any 
portion  of  that  fait  which  it  might  contain,  it  ftill  retain- 
ed its  fulminating  powers.  On  ^examining  attentively 
^faat  paffes  in  the  detonation  of  fulminating  gold,  it  is 

obfiffved  to  take  fire  at  the  very  inftant  when  it  fhivers 
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^to  pieces.  When  it  is  expofed  to  the  moderate  heat 
^warm  aihes,  it  gives  out,  before  the  explofion,  fparks 
^t  thofe  of  eleftric  fire ;  when  expofed  to  the  fpark 
produced  by  the  Leyden  bottle,  it  detonizes ;  a  fimple 
'P^rk  without  motion  does  not  kindle  it ;  laftly,  after 
Culminating,  it  leaves  the  gold  in  a  nietallic  ftate.  It  ap- 
?e^,  therefore,  that  the  fulmination  of  this  gold  is 
^'^g  to  fome  combuflible  matter  contained  in  the  com- 
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pound.  And  as  ammoniacal  gas  is  neceflfary  to  the  pro^ 
dudion  of  Culminating  gold,  it  is  at  prefent  agreed,  that 
the  explofion  ought  to  be  attributed  to  that  fubftance. 
This  theory  is  founded  on  the  following  fads. 

1.  M.  BerthoUet  has  obtained  ammoniac  gas  by  apply- 
nig  a  gentle  heat  to  copper  tubes,  containing  fulminating 
goid^  and  communicating  at  one  end  by  means  of  a  fy- 
phon,  with  a  pneumato-chemical  apparatus  with  mercu-- 
ry.  The  gold  was  now  no  longer  fulminating,  but  wa& 
reduced  to  oxide. 

2.  Bergman,  having  expofed  fulminating  gold  to  a  de- 
gree of  heat  not  fufEcient  to  make  it  fulminate,  gradually 
deprived  it  of  its  fulminating  powers,  b^  volatilizing  the 
ammoniac  gas  which  it  contained. 

3.  When  a  few  grains  of  fnlminating  gold  are  made 
to  detonize  in  copper  tubes,  communicating  with  apnea* 
mato- chemical  apparatus  with  mercury,  gas  azote,  and 
a  few  drops  of  water,  are  obtained  as  produfts,  and  tke 
gold  is  found  to  be  reduced.  M.  BerthoUet,  to  whom 
we  owe  this  fa£t>  thinks  that  in  this  inftance  ammoniac 
is  decompofed  ;  that  the  hydrogene  which  it  contains, 
uniting  with  the  oxigenc  of  the  oxide  of  gold,  reduces 
it  by  forming  water ;  and  that  the  gas  azote,  being  thus 
fet  at  liberty,  is  confequently  difengaged  :  the  fulmina* 
tion  appears  therefore  to  be  owing  to  the  combuftion 
bf  hydrogene,  and  the  fudden  difengagement  of  gas 
azote. 

4.  The  concentrated  fulphuric  acid,  melted  fuiphur, 
fat  oils,  and  aether,  deprives  this  precipitate  of  its  ful- 
minating powers,  by  detaching  its  ammoniac. 

A  fmgular  property  of  fulminating  gold,  which  fhovs 

with 
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with  what  force  it  acts,  is  its  making  a  mark  or  hole 
<m  any  metal  plate,  fuch  as  a  plate  of  lead,  tin,  and 
CTcn  filver,  on  which  it  is  fulminated.  But  it  does  not 
appear  to  be  liaUe  to  take  fire  in  a  very  clofe  vefltl ;  for 
Lewis  relates,  that  it  produced  no  explofion  when  in- 
clofed  in  an  iron  ball,  and  expofed  to  an  intenfe  heat. 
The  caufe  of  this  phenomenon  feems  to  be,  that  there 
»  not  then  room  for  the  difengagement  of  the  gas 
azote.  Bergman,  who  did  not  well  know  the  nature  of 
the  gas  difesgaged  during  the  fulmination  of  this  pre- 
djRtate,  and  <onfidered  it  as  pure  air  impregnated  with 
a  little  ammoniac,  has  given  a  (imilar  explanation  of 
the  experiments  made  on  this  matter  before  the  Royal 
Society  of  London.  The  reader  may  confult  his  va- 
luable Diflertation  de  calce  auri fu/msnante^  in  his  Ofufcula. 
VL  BerthoUet  difcovered  that  oxide  of  filver^  precijHtar 
ted  frmn  nidic  add  by  lime,  and  digefted  with  ammoniac 
tiH  it  <2kc  a  Uack  <xrfour,  acquires  the  property  of  de- 
Umizing,  not  only  by  a  heat  a  very  little  fuperior  to 
that  of  boiling  water,  but  likewife  by  a  flight  fridion 
againft  any  body.  Here,  then,  we  have  fulminating  fii- 
ver  of  a  dill  more  fingular  nature  than  the  gold  fd 
called ;  which,  however,  owes  its  fulminating  proper- 
ties  to  the  lame  caufe.  The  ammoniac  decanted  from 
above  this  oxide,  depofites,  by  flow  evaporation,  fmall, 
bright,  Jameliated  jcryftals,  pofleffing  the  property  of 
fulminating,  even  under  water,  by  (itnple  fridion. 

The  icrfution  of  gold  is  precipitated  by  alkaline  fuU 
phores.  When  the  fixed  alkali  combines  with  the  acid^ 
the  fulphur  that  is  precipitated  unites  with  the  gold ; 
bat  this  combination  is  not  very  permanent ;  it  is 
<nongh  to  heat  the  gold,  and  the  fulphur  is  then  volati- 
le 3  llzcJ 


lized,  and  tbe  .perfed  metal  left  in  a  ftate  of  purity.  It 
is  proper  to  obferve,  that  the  gold  precipitated  from  a 
folution  by  an  intermedium,  is  perfefUy  pure,  even  more 
fo  than  gold  obtained  by  parting,  being  feparated  from 
the  filver  which  it  would  otherwife  have  contained,  in 
confequence  of  that  metal  being  precipitated  in  the  form 
of  a  muriate,  even  during  tbe  folution  of  the  gold,  as 
w:e  have  above  obferved. 

Gold  has  ^ot  a  greater  affinity  than  all  the  other  men- 
tals with  the  nitro-muriatic  acid ;  on  the  contrary,  al— 
moft  any  other  metallic  fubftance  is  capable  of  fepara«- 
ting  it  from  4s  folvent.    Bifmuth,  i^inc,  and  mercury^, 
precipitate  gold,     A  plate  of  tin  immerfed  into  a  folia* 
tion  of  gold  feparates  this  perfeA  metal  into  a  powder 
of  a  deep  violet  cobur,  which  is  called  purple  precipir 
tate  of  CaJJius^     This  precipitate,  which  is  ufed  for 
painting  on  enamels  ^nd  porcelain,  is  prepared  by  dilu- 
ting a  folution  of  tin  in  nitro-muriatic  acid,  with  a  large 
quantity  of  diftilled  water,  and  pouring  upon  it  a  few 
drops  of  a  folution  of  gold.     When  the  folutions  are 
pretty  much  concentrated,  there  is  inflantaneoufly  formed 
a  precipitate  of  a  red  crimfon  colour,  which  in  a  very  few 
days  changes  to  purple ;    the  precipitate  is  light,  and 
fomewhat  mucilaginous ;  the  liquor  is  filtrated,  and  tbe 
precipitate  walhed  and  dried.     This  matter  is  a  com? 
pound  of  oxide  of  tin  and  oxide  of  gold  ;  the  prepara- 
tion of  it  is  one  of  the  mod  fingular  o{Serations  of  cber 
miflry,  on  account  of  the  variety  and  the  inconftancy 
of  the  plisenomena  which  attend  it.     Sometimes  it  af* 
fords  a  beautiful  red  precipitate  ;  fometimes  its  colour 
is  only  a  deep  violet :  and  what  is  moft  furprifingi  it 
happens  pretty  often,  that  (he  mixture  of  thefe  two  lb- 

folutions 
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ladooi  produces  no  precipitate.    Macqtier,  to  whom 
thefe  varieties  were  very  well  known,  /  obferves,  that 
they  depend  almoft  always  on  the  Itate  of  the  folution 
of  tin  employed.     If  the  folution  have  been  haftily 
cffeded,  the  meul  is  too  much  oxidated,  and  there  is 
too  little  of  if  contained  in  the  folution  for  the  acid  of 
die  firfutioB  of  jgold  to  a£k  upon  it ;  for  he  attributes 
tbe  formation  of  the  purple  precipitate  of  Cafftus  to  the 
adioQ  of  tliat  acid  ^upon  the  tin.    According  to  him, 
to  facceed  in  this  operation,  the  folution  employed  muft,  ' 
'isve  been  very  flowly  made^  fo  as  to  contain  as  much 
ixn  as  poiEbie,  without  the  metal  being  too  much  oxi- 
dated*   He  accordingly  gives  the  following  direction, 
^or  preparing  the  purple  precipitate.    Diflblve  the  tin, 
^ne  part  after  another,  in  an  acid  confiding  of  two  parts 
^  nitric  add^  and  one  of  muriatic  acid,  with  an  equal 
height  of  diftilled  water ;  on  the  other  hand,  diflblve  with 
the  help  of  heat,  a  quantity  of  very  pure  gold  in  another 
mixed  acid,  confiding  of  three  parts  of  nitric  and  ope 
of  muriatic  acid.    Dilute  this  folution  of  tin  in  an  hun- 
dred parts  of  diftilled  water  ;  divide  it  into  two  parts  ; 
add  to  one  of  them  a  new  quantity  of  water,    and 
try  both  of  them  with  a  drop  of  the  folution  of  gold  ; 
obfiorve  then  which  of  them  affords  the  mod  beautiful 
redy  and  treat  the  other  in  the  fame  manner  with  it ; 
then  pour  in  the  folution  of  gold  till  it  ceafe  to  afford 
m  precipitate. 

Lead,  iron^  copper,  and  filver,  poffefs  likewife  the 
property  of  feparating  gold  from  its  folution.  Lead  and 
fdvet  feparate  it  into  a  dirty  dark  purple  precipitate- 
By  copper  and  iron  it  is  precipitated  with  its  metallic 
loftrc.    The  nitric  folution  of  filver,  and  that  of  fulphate 
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of  iron,  produce  likewife  a  red  or  brown  precipitate  in 
a  folution  of  gold. 

Neutral  falts  aft  not  in  a  very  confpicuous  manner  on 
gold.  Only  it  is  obferved,  that  borax  melted  with  this 
metal  alters  its  colour,  and  gives  it  a  ftrange  palenefs  : 
but  nitre  and  muriate  of  foda  reftore  it  to  its  former 
(late.  A  folution  of  borax  poured  into  a  foiation  of 
gold,  forms  a  precipitate  of  boracic  acid,  impregnated 
with  gold. 

Sulphur  is  incapable  of  combining  with  gold ;  andl 
this  mineral  is  therefore  employed  to  feparate  fiich  other 
metals  as  happen  to  be  united  with  gold,  efpecially 
lilver.     The  alloy  is  melted  in  a  crucible  j  when  it  is 
fully  melted,  flowers  of  fulphur,  or  fulphur  in  powder, 
are  cafl:  on  its  furface  :  the  fulphur  melting,  and  com* 
bining  with   the  filver,  thus  forms  a  blackifh  fcoriai 
which  fwims  above  the  gold.     It  is  to  be  obferved,  that* 
the  two  metals   are   never   entirely  feparated  by  this 
operation,  which  is  called  dry  parting ;  and  that  it  is 
applied   only  to   lumps   of  filver  containing  too  little 
gold  to   be  worth  the   expence   of  parting    by  aqua- 
fortis. 

Alkaline  fulphure  diffolves  gold  entirely.  Stahl  even 
thinks,  that  it  was  by  fuch  a  procefs  that  Mofes  made 
the  Ifraelites  drink  the  golden  calf  that  they  had  wor* 
fhipped.  In  making  this  combination,  a  mixture,  con* 
fifting  of  equal  parts  of-  fulphur  and  potafh,  is  haftily 
melted  with  a  quantity  of  gold  leaf,  amounting  to  an 
eighth  part  of  the  weight  of  the  whole  mafs.  This 
melted  matter  is  poured  upon  a  furface  of  porphyry, 
pulverized,  and  diluted  with  hot  diftiiled  water ;  it  now 
forms  a  yellowifh  green  folution,  containing  an  auri- 
ferous 
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froos  fblplnire  of  potafli*  This  metal  may  be  preci- 
pitated by  means  of  acids,  and  feparated  firom  the  ful- 
jAnr  predpitated  together  with  it,  by  heating  it  in  open 
re&ls. 

Gold  combines  with  moft  metallic  matters ;  and  in 
its  combinations  with  them  exhibits  a  number  of  im- 
port2nt  phxBomena« 

It  anites  with  arfenic.  This  metal  renders  its  con- 
texture brittle,  and  its  colour  very  pale.  It  is  fcarce 
pcfible  to  feparate  the  arfenic  entirely  from  this 
mixture ;  the  gold  feems  to  render  it  more  fixed  in  its 
cature. 

We  are  unacquainted  with  any  alloy  of  gold  with 
cobalt.  It  combines  with  bifmuth,  which  renders  it 
vime  and  brittle ;  in  the  fame  manner  with  nickel 
aod  antimony.  As  thefe  metals  are  all  eafily  oaddated, 
asd  moilly  fufible,  they  are  eaHly  feparated  from  gold 
by  the  joint  adion  of  fire  and  air. 

Sulphnrc  of  antimony  has  been  loudly  praifed  by  the 

akhemiils  as  a  purifier  of  gold.     When  this  metal  is 

aOoyed  widi  any  extraneous  metallic  fubftance,  fuch  as 

copper,  ifon,  or  filvcr,  on  melting  with  it  fulphurc  of 

^timony,  the  folphure  unites  with  thefe  fubftances,  and 

'^^tes  them  from  the  gold,  which  is  found  by  itfelf 

^  the  bottom  of  the  veffel.     This  gold,  however,  is  al- 

%ed  with  antimony ;  it  is  purified  by  heating  it  to  a 

^hite  red.     The  antimony  is  then  volatilized  ;  a  very 

^^cnfe  fire,  however,  is  requifite  to  feparate  it  entirely ; 

^4  it  is  obferved,  the  antimony  carries  with  it  forac 

P^t  of  the  gold.     This  procefs,  which  was  fo  famous 

^^ong  the  alchemifts,    is  in    no    way  preferable   to 

2  that 
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that  in  which  fulphur  alone  is  employed  for  the  {ame 
purpofe.   . 

Gold  eafily  unites  with  zinc :  the  mixed  metal  refulu 
tng  from  this  union  is  the  whiter,  and  the  more  brittle, 
in  proportion  as  the  quantity  in  which  the  zinc  enten 
into  the  mixture  b  greater.  An  alloy  coniifting  of 
equal  parts  of  thefe  two  fubflances  is  of  a  very  fine 
grain ;  and  takes  fo  beautiful  a  poli(b»  that  it  has  been 
recommended  by  Hellot  as  proper  for  making  mirrors 
to  telefcopes,  not  liable  to  lofe  their  luftre.  When  the 
pine  is  feparated  from  the  gold  by  calcination,  the  oxide 
of  the  zinc  is  reddifh,  and  carries  with  it  a  little  gold| 
as  mentioned  by  Stahl. 

Gold  has  a  greater  affinity  than  any  other  metallic 
fubflanpe  with  mercury,  and  decompoies  amalgams  of 
any  other  metal  with  mercury^  It  unites  with  mercurf 
in  all  proportions,  forming  with  it  an  amalgam; 
which  the  greater  the  proportion  of  the  gold,  is  fo 
much  the  more  folid  and  the  higher  coloured,  This 
amalgam  is  liquified  by  heat,  and  cryftaliized  by  cool* 

ing,  like  almoft  all  the  other  compounds  of  chis  kind, 

* 

We  know  not  well  what  regular  form  it  takes.  M.  Sage 
lays,  that  its  cryftals  are  like  feathered  filver ;  and  that| 
when  viewed  through  the  magnifier,  they  appear  to  be 
quadrangular  prifms.  He  afferts  likewife,  that  the  mer* 
cury  becomes  fixed  in  this  combinationt  This  amalgam 
is  ufed  for  gilding  in  water-gold. 

Although  gold  cannot  be  oxidated  by  the  joint  adioo 
of  the  air  and  the  fires  of  our  furnaces,  it  fuflers  that 
change,  however,  when  heated  with  mercury.  Mcr* 
cury,  with  a  forty-eighth  part  of  gold,  heated  in  a  flat- 
bottomed  matrafs  with  a  very  narrow  neck,  on  a  fand* 

batb, 
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bath.  In  the  fame  way  as  oxide  of  mercury  is  heated  in 
preparing  precipitate  pcrfe^  is  itfelf  oxidated,  and  caufef 
the  fame  phenomenon  t6  take  place  on  the  :gold» 
The  mixture  is  changed  into  a  dark  red  powder ;  and 
this  double  oxide  is  obtained  even  much  feoner,  ac- 
cording to  M.  Baume,  than  oxide  of  mercury  heated  by 
itfelf. 

Here,  then,  we  have  a  metal  which,  though  exceeding-* 
ly  difficult  to  oxidate  by  itielf,  haftens  and  facilitates  the 
oxidation  of  another  metallic  matter,  which  does  not 
readily  fuiFer  inch  a  change  by  itfelf* 

Gold  enters  very  readily  into  union  with  tin  and  lead: 
either  of  thefe  metals  totally  deftroys  its  dudtility.  With 
iron  it  forms  a  very  hard  alloy,  of  which,  ioftrumentt 
for  cutting  may  be  formed  much  fuperior  to  thofe  which 
are  made  of  pure  fteel.  This  mixed  metal  is  grey,  and 
fubjed  to  the  attraction  of  the  magnet.  Lewis  propofet 
the  ufe  of  gold  to  folder  fmall  pieces  of  fteel  neatly,  and 
in  a  very  folid  manner. 

Gold  combines  with  copper,  which  renders  it  red, 
hard,  and  more  fufible.    This  alloy  is  fixed  at  dif- 
ferent proportions   for  pieces  of  money,  veffels,  and 
oys. 

Laftly,  Gold  combines  with  filver,  which  changes  its 
colour,  and  renders  it  very  pale.  A  certain  difficulty, 
however,  attends  this  mixture,  on  account  of  the  differ*., 
ent  gravities  of  the  two  metals ;  as  has  been  obferved 
by  Homberg,  who  faw  them  feparate  when  melted  to*- 
pether.  The  alloy  of  filver  with  gold  forms  the  jewel- 
ler's green  gold. 

As  the  ufe  of  gold  'is  very  cxtenfive,  and  as  men- 
have  agreed  to  ufe  gold  and  filver  as  con^mon  figns  to 
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f^eprdent  tbe  Tialue  of  all  die  other  produdions  (^na> 
tare  and  art,  it  is  of  great  importance  to  be  able  to  dif- 
tinguifh  the  degree  of  the  purity  of  any  piece  of  thii 
frtetaJ,  in  order  to  the  prevention  of  fraud,  )uid  that  all 
the  gold  which  circulates  in  commerce  may  be  nearly 
of  the  fame  intrinfic  value.    Juft  and  fevere  laws  hav^ 
prefcribed  the  particular  alloy  of  gold  to  be  employed 
in  making  utenfils,  and  have  pointed  out  the .  propor. 
tions  requifite  to  give  it  a  due  degree  of  hardnefs  and 
inflexibility  for  that  purpofe.    Chemiftry  affords  means 
for  diftinguifliing  vHth  what  cpiantity  of  any  other  me^ 
tal,  gold  may  be  at  any  time  alloyed.    The  operadoa 
by  whidi  this  is  accompliflied  is  called  tie  ajfaj  ofpiL 
.Twenty-four  grains  of  the  gold  to  be  aiiayed  are  cupel* 
Xed  for'  this  purpofe,  with  forty-eight  grains  of  filvtr, 
and  four  drachms  of  pure  lead.    The  lead  as  it  vitri- 
fie*  carries  off  with  it  the  imperfed  metals,  fnch  at 
copper,  &c.    The  gold  remains,  after  the  cupelladoOi 
in  combination  with  the  filven    Thefe  two  metals  again 
are  feparated  by  an  operation  which  bears  the  name  of 
parting.    To  part  an  alloy  of  gold  and  fiLver,  is  to  &• 
parate  the  two  metals  by  a  folvent,  which  may  zSl  upcfli 
the  fllver  without  affefling  the  gold.    Aquafortis  is  com* 
monly  ufed.    The  defign  in  adding  the  fitver  to  the 
gold  was,  that  all  the  filver  in  the  gold  might  be  com- 
pletely  difTolved  by  the  nitric  acid  ;  for  experience  hai 
iliown,  that  gold  mud  contain  at  leafl  twice  its  weigbc 
of  fllver,  before  the  nitric  acid  can  a£t  fo  as  to  diflblfc 
the  diver  totally.    As  three  parts  of  filver  are  often 
added  to  the  gold,  this  operation  is  called  quartatm^ 
as  the  gold  compofes  in  fa£t  but  one- fourth  part  of  the 

mixtures 
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mixture.    The  following  is  the  way  of  performing  dii» 
proceb  oi  parting. 

The  cupelled  alloy  of  gold  and  filver  is  firft  ham- 
mered flat,  care  being  taken  to  heat  and  turn  it  frequent- 
ly, that  it  may  not  fplit,  n2(r  feparate  into  fmaU  parts, 
in  coofequence  of  becoming  bard  and  brittle  under  the 
hammer :    it  is  then  rolkd  up  in  feathers  in  a  fpiral 
form ;  in  this  form  it  is  put  into  a  fmall  matrafs,  and 
fix  drams  of  precipitated  aquafortis,  unmixed  with  mu- 
riatic acid,  but  diluted  with  half  that  quantity  of  water, 
^e  poured  upon  it.    The  veflel  is  expofed  to  a  mode- 
<^te  heat,  till  the  mixture  begin  to  efiervefce.     Tho 
filTer  is  foon  after  diifolved,  and  the  metallic  coil  takes 
^  brown  colour.    When  the  acid  ceafes  to  ad,  it  is 
then  decanted  off ;  and  a  new  quantity  is  poured  upon 
the  metal,  and  boiled  on  it  till  the  filver  be  entirely 
diflblved*    This  fecond  operation  is  called  a  repetUkn. 
The  add  is  then  decanted  off,  and  the  fpiral  piece  of 
metal,  now  become  very  thin,  and  perforated  with  a 
^  great  many  holes,  is  wafhed  ;  it  is  poured  with  water 
into  a  crucible;  the  water  decanted  off,  the  crucible 
made  red-hot,  and  the  gold  now  difplays  all  its  proper- 
ties.    It  is  next  weighed,  and  its  weight  fhows  the  de- 
gree of  the  finenefs  of  the  gold.    In  order  to  know 
exa&ly  what  quantity  of  other  metals*  gold  contsKns, 
any  mafs  of  gold   whatever   is  fuppofed  to  confift  of 
twenty-four  parts,  called   carats;   and  to  attain  flill 
greater  accuracy,  each  carrat  is  divided  into  two  and 
thirty  parts,  called  tbirty-fsconds  of  a  carat.    If  the  gold 
thus  affayed  have  loft  one  grain  in  twenty-four,  the  mafs 
to  which  it  belonged  is  confidered  as  gold  of  twenty* 
three  carats ;  if  a  grain  and  an  half,  it  is  then  gold  of 
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is  given  to  the  following  preparation :  Pieces  of  linefi 
fl^eped  in  a  folution  of  gold,  dried  and  burnt.     In  ma- 
king ufe  of  them^  a  wet  cork  is  dipped  in  thefe  afhes^ 
and  rubbed  upon  filver  ;  on  which  the  gold,  being  in  si. 
ilate  of  extreme  divifion,  readily  fixes.     We  have  a!l« 
ready  fpoken  of  gilding  with  water-gold.     To  mak.^ 
ufe  of  it,  the  piece  of  copper  to  be  gilded  mufl  firft  be 
well  fcoured  with  fand  and  a  weak  aquafortis,  which  the 
workmen  c.dX\fecond  water;  it  is  then  immerfed  into   a 
very  weak  folution  of  mercury  :  the  mercury  being  pre- 
cipitated, caufes  the  amalgam  of  gold,  which  is  applied 
to  the  piece,  after  wafliing  it  with  water,  to  carry  away 
acid,  to  adhere.     When  the  amalgam  is  uniformly  ex« 
tended  over  the  copper,  the  piece  is  then  heated  on  the 
coals,  to  volatilize  the  mercury  ;  the  operation  is  conclu* 
ded  by  rubbing  upon  the  gold  gilder's  wax,  which  is 
compofed  of  red  bole,  verdigris^  alum^  or  martial  vitriol^ 
with  yellow  wax,  and  heating  the  gilt  piece  for  the  hit 
time  to  burn  the  wax. 

ITie  other  ufes  of  gold  for  toys  and  laces  are  fuffi- 
ciently  known,  fo  that  it  is  unneceflary  for  us  to  mfift 
on  them  here.  With  refped  to  the  medicinal  virtues 
which  have  been  afcribed  to]  it,  the  bed  phyGciai^  a.t 
prefent  agree  in  denying  their  exiftence,  and  think  that 
any  effefts  produced  by  the  feveral  potable  preparation^ 
of  gold  mufl  have  been  owing  not  to  the  gold,  but  to 

other  matters  mixed  with  it  in  the  folution. 
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fi^  valuable  gold  mine  has  been  lately  difcovcrcd  in  Ireland.  Goldtf 
ftill  fo.und  in  fpanglcs,  in  the  brook  of 'Glengonar,  in  Crawfurd-Muir,  »fl 
Scotland.  Gold  cxilU  naturally  In  all  vegetables.  It  is  highly  probabfc 
notwiihllanding  the  experiments  of  the  French  Academy,  thit  oiin^ 
acid,  however  pure,  alvrays  dificlvcs  a  certain  proportion  of  goldful»- 
jrcicd  to  its  aftlon,  in  ihc  ord'iiary  procc''s  of  parting.     H. 
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PLATtNA,  which  has  been  known  as  a  pectiliat 
metal  only  durmg  the  laft  forty  years,  has  Qot  yet 
I>cm  found  any  where  but  in  the  gold-mines  of  Ame- 
^ca,  particularly  in  that  of  Sanu  Fe,  near  Carthagena, 
^  in  the  bailiwick  of  Choco  in  Peru.  The  Spaniards 
l^e  given  it  this  name  from  plaia^  which  in  their  lan- 
guage fignifies  filver ;  comparing  it  with  this  metal,  of 
^ich  it  has  in  fad  the  colour  :  But  the  name  of  white 
tptd  appears  to  agree  much  better  with  its  nature  thad 
Aat  offmaUJilver;  for  in  its  properties  it  refetbbles  gold 
^ch  more  than  Civet. 
Before  the  period  which  we.  have  nientioned,  there 

m 

*cre  fome  toys  of  platina.  But  as  this  metal  cannot 
^  melted  and  wrought  by  itfelf,  it  is  probable  that  the 
boff-bozes,  heads  of  canes,  and  other  utenfils  of  th|s 
^lod,  fold  under  the  name  of  platina j  were  mixtures  of 
^l  metal,  with  fome  other  metallic  fubdances ;  which, 
^  we  ihall  fee,  are  neceffary  to  render  It  fufible. 
Vol.  III.  L  TVi% 
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The  platina  in  cabinets  is  in  the  form  of  fmall  grains 
or  fpangles  of  a  livid  ^vhite,  inclining  at  once  to  the 
colour  both  of  iron  and  of  filver.  Thefe  grains  arc 
mixed  with  various  extraneous  fubftances  >  they  are 
found  to  contain  fpangles  of  gold,  bfackifli  ferruginous 
fand ;  grains  which,  when  viewed  with  the  magnifier, 
appear  to  be  fcorified  like  macbefer^  and  fome  particles 
of  mercury.  The  mercury  is  feparatcd  from  this  mir. 
ture  by  heating  it ;  walhing  carries  off  the  fand  and 
the  grains  of  iron  ;  the  iron  may  likewife  be  feparatcd 
by  the  magnet :  after  this  there  remains  nothing  but 
gold  and  platina,  which  may  be  eafily  feparated  by  pick' 
ing,  as  Margraff  has  done.  The  grains  of  platina,  when 
examined  with  the  microfcope,  appear,  fome  of  tbem 
triangular,  others  round  and  flat,  like  fmall  cakes.  Whea 
hammered  upon  fteel,  moft  of  them  are  found  to  be 
malleable  and  dudile  :  fome  of  them  break  into  pieces 
on  fuch  an  occafion.  Thefe,  when  narrowly  examined, 
are  found  to  be  hollow,  and  to  contain  within,  iron  and 
a  white  powder.  It  is,  doubtlefs,  on  the  principle  of 
their  containing  ferruginous  particles,  that  the  property 
which  fome  grains  of  platina  polllTs  of  being  fubjeft  to 
the  attradion  of  the  loadftone,  however  purified  from 
ferruginous  fand,  is  to  be  accounted  for. 

This  metal  is  very  nearly  as  hard  as  iron.  The  ^• 
cific  gravity  of  platina,.  mixed  with  the  feveral  extra- 
neous matters  which  we  have  mentioned,  is  nearly  equal 
to  that  of  gold  :  in  water  it  lofes  from  a  fixteenth  to  an 
eighteenth  part  of  its  weight.  Buffon  and  M.  llllet, 
on  comparing,  by  weight,  equal  bulks  of  platina  and 
gold  reduced  to  grains  like  thofe  of  platina,  found  tbe 
ipecifiC  gravity  of  platina  to  be  one  twelfth  lefs  than 

i  that 
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that  of  gold.  It  has  been  afcertained  by  later  experi- 
ments, that  platina,  after  being  purified  by  a  long  fu- 
fion,  is  fuperior  in  fpecific  gravity  to  gold. 

Probably  platina  is  not  found  in  the  mines  in  the 
fame  form  in  which  it  is  brought  to  us ;  it  poffibly  owes 
its  granulated  form  to  the  waters  which  carry  it  down 
from  the  hills  into  the  plains.  It  is  fometimes  found  in 
pretty  confiderable  pieces  :  the  5ociety  of  Bifcay  are  in 
pofleiEon  of  a  piece  as  large  as  a  pigeon^s  egg.  Platina, 
being  found  in  places  adjacent  to  gold-mines,  always 
(Contains  a  certain  quantity  of  that  metal.  As  to  the 
mercury  mixed  with  it,  this  metal  has  been  employed 
in  extrafting  the  gold* 

Though  toys   made  of  platina  have  long  been  fold^ 
yet  the  peculiar   nature   of  the  metal  was  unknown* 
Even  the  workers  of  mines  had  not  paid  any  particular 
attention  to  it ;  but  neglected  a  matter  which  had  no 
Very  beautiful  afpeft,  and  was  befides  very  difficult  to 
work.     For  our  firft  knowledge  of  platina,  we  are  in- 
debted to  a  Spanifh  mathematician,  Don  Antonio  de 
tjlloa,  who  accompanied  the  French  academicians  that 
were  lent  on  the  famous  journey  to  Peru,  to  afcertain 
the  figure  of  the  earth.     In  the  account  of  his  journey, 
publifhed  at  Madrid  in  the  year  1748,  he  makes  men-, 
tion  of  this  metal.     Charles  Wood,  an  Englifli  metal- 
lurgift,  had  brought  fome  of  it  from  Jamaica  in  the 
year  1741.     He  then  examined  it,  and  gave  an  account 
cf  his   experiments  in   the  Philofophical  Tranfaftions 
for   the  years    1749  and  1750.     At   that  period,  the 
greateft  chemifts  in  Europe  engaged  eagerly  in  the  exa- 
mination of  this  new  metal,  the  fingular  properties  of 
which  promifed   to  render  it    fo  ufeful.     Scheffer,   a 
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Swedifh  chemift,  publifhed  an  account  of  his  experi- 
ments on  plaiina,  in  the  Memoirs  of  the  Academy  of 
Stockholm  for  1752.  Levi^is,  an  Englifii  chemift,  made 
a  feries  of  experiments,  almoft  complete,  upon  thii 
metal,  which  may  be  found  in  the  Philofophical  Tranf* 
a£tions  for  the  year  1754*  MargraiFhas  given  a  detail 
of  his  experiments  on  this  new  metal  in  the  Memoirs  of 
the  Academy  of  Berlin  for  1757.  Moft  of  thefe  fepa- 
rate  memoirs  have  been  collected  into  one  body  by 
M.  Morin,  in  a  work  entitled,  Platina^  white  goldy  or 
the  eighth  metal ^  Paris  1758.  About  the  fame  time, 
MefTrs  Macquer  and.  Baume  jointly  made  many  im* 
portant  experiments  on  platina ;  an  account  of  whicb 
has  been  publiihed  in  the  Memoirs  of  the  Academy 
for  the  year  1758.  Buffon,  in  the  firfl  volume  of  the 
Supplement  to  his  Natural  Ilidory,  gives  an  acconot 
of  a  train  of  experiments  on  platina,  made  by  himfelf, 
M.  de  Morveau,  and  the  Count  de  Milly.  The  Baron 
de  Sickengen  likewife  engaged  in  a  feries  of  refearches 
on  the  met.al  of  v*  hich  we  are  now  fpeaking ;  but  hii 
work  has  not  yet  been  publifhed  in  French.  Macquer 
gives  an  extraft  from  it  in  his  Chemical  Dictionary.  M. 
dc  Lille  has  prefented  to  the  Academy  a  paper  on  platina. 
The  fcarcity  of  the  metal,  and  the  difficulties  attending 
the  treatment  of  it,  have  retarded  our  progrefs  towards 
a  complete  knowledge  of  its  properties :  but  of  late  the 
inquiries  concerning  it  have  been  refumed  with  new  ar» 
dour.  Bergman,  M.  Achard,  and  M.  de  Morveau^bave 
examined  this  metal  in  refped  to  fcveral  of  its  proper- 
ties, which  were  before  but  little  known. 

Platina,  when  purified  and  feparated  by  wafliiqgf 
picking,  and  muriatic  acid,  from  the  extraneous  bodies 
iviiich  it  contains,  fuffers  no  alteration  of  nature,  only 
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conglomcnting  a  little  more  by  expofure  to  the  mod 
iDtenfe  heat.  AM  the  chemifls  who  have  examined  the 
metal  agree  in  this.  Meflrs  Macquer  and  Baume  kept 
pladna  for  a  number  of  days  expofed  to  an  unremitting 
fire  in  a  glafs-houfe,  without  producing  any  other  al- 
teration on  its  grains,  but  that  of  making  them  adhere 
lEjghtly  together ;  and  they  were  even  fo  feebly  agglu- 
tinated as  to  be  feparable  barely  by  touching  them.  In 
cbefe  experiments,  they  obferved,  that  platina  acquired 
a  laflre  when  heated  to  a  red  white ;  that  when  very 
long  expofed  to  heat,  it  took  a  dirty  grey  colour  ;  and, 
hfily,  that,  as  Margraflf  had  afferted,  it  conflantly  in- 
creafed  in  weight ;  which  could  only  happen  in  confe* 
qoence  of  its  being  reduced  in  part  to  oxide  ;  a  change 
which  it  appears  liable  to  fuffer  from  the  aftion  of  fire. 
Tbofe  chemifls  expofed  platina  to  the  focus  of  a  burning 
gbls  :  it  firfl  fmoked,  and  gave  out  very  red  and  lively 
Sparks  ;  the  portions  of  metal  expofed  to  the  centre  of 
die  focus  ware  next  melted  in  about  the  fpace  of  a 
minote  t  the  melted  parts  were  of  a  fparkling  white  co- 
loor,  and  in  the  form  of  a  button  ;  they  were  divifible 
into  pktes  with  a  knife.  One  of  thcfe  mafTes  of  melted 
platina  being  flruck  upon  fleel,  became  flat,  and  was 
reduced  into  a  plate  without  fplitting  or  cracking :  it 
became  hard  and  brittle  under  the  hammer.  This  fine 
experiment  (hows  platina  to  be  fufible  by  extreme  vio- 
lence of  fire ;  to  be  malleable  like  filver  and  golcT;  and 
to  be  liable  to  very  little  alteration  from  the  action  of 
fire  :  for  in  all  of  thefe  experiments,  mofl  of  which  were 
performed  in  the  open  air,  the  platina  exhibited  no 
marks  of  being  oxidated.  M.  de  Morveau  likewife 
eSe&ed  the  fufion  of  platina  by  heating  it  in  the  wind- 
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furnace  defer Ibed  by  Macquer,  with  his  redudive  flux, 
confiftijDg  of  eight  parts  of  pounded  glafs-,  one  part  of 
calcined  borax,  and  half  a  part  of  charcoal  in  powder. 
At  prefent  it  is  very  eafily  melted  in  fmall  portions, 
without  the  addition  of  any  other  fubftance,  by  heating 
it  on  a  burning  coal  with  a  fiream  of  vital  air  :  but  the 
globules,  thus  melted,  are  fo  very  fmall,  that  they  can 
anfwer  no  purpofe. 

Platina  fuffers  no  alteration  from  expofure  to  the  air : 
we  know  not,  however,  what  might  happeq,  if  it  were 
kept  for  a  long  while  red-hot,  in  contacl  with  air: 
perhaps  it  would  be  oxidated,  as  Juncker  aflerts  that 
filver  and  gold  are,  when  heated  in  this  way. 

This  metal  fuffers  po  alteration  from  water,  earthy 
niatters,  falino-terrene  fubftances,  or  alkalis. 

Neither  the  fulphuric  acid,  however  highly  concen* 
trated,  the  nitric,  nor  the  muriatic  acid,  however  ftrong 
and  fuming,  aft  at  all  on  platina,  even  though  affifted 
by  ebullition.  Diftillation,  a  method  which  chcmifts 
fcave  always  found  very  effeftual  in  promoting  the  ac- 
tion of  acids  on  metallic  masters,  does  not  effeft  any 
folution  or  alteration  of  thefe  mixtures ;  only,  the  ful- 
phuric acid  has  been  obferved  by  Meflrs  Lewis  and 
Baume,  to  tarnifli  the  colour  of  grains  of  platina.  The 
nitric  acid  again  improves  their  luftre.  MargraiT  fays, 
that  he  obtained,  by  diflilling  this  acid  with  platina,  to- 
wards the  end  of  the  operation,  a  little  arfenic  j  which 
phsenomenon  has  not  been  obferved  by  any  other 
chemift.  The  muriatic  acid  produces  no  change  on 
platina.  Margraff"  likewife  obtained,  by  diftilling  this 
acid  on  the  metal,  a  white  fublimate,  which  appeared 
to  bim  to  be  arfenic,  and  a  rcddiih  fublimate,  the  quan- 
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dty  of  which  was  fo  fmali,  that  he  could  not  examine  itg 
properties.  All  of  thefe  fubftances  ar^  evidently  extra- 
neous to  platina.  This  metal,  therefore,  refembles  gold, 
in  being  but  little  Ifubjed:  to  be  afieded  by  the  a£bion  of 
iimple  acids  ;  but  dill  more  in  being  foluble  in  the  oxi- 
genated  muriatic,  and  in  the  nitro-muriatic  acid. 

The  firft  of  thefe  acids  diflblves  pladna  witheafe,  and 
mthout  requiring  the  afliftance  of  any'Confid^rable' heaf : 
Fifteen  or  twenty  degrees  of  beat  in  the  atmofphere  are 
fufficient  to  promote  this  folution :  it  takes  place  without 
any  fenfible  efFervefcence ;  and,  in  other  refpefts,  per- 
fedly  refembles  the  following  folution.  •      ' 

The  nitro-muriatic  acid,  which  .is  the  mod  power* 
iul  folvent  of  platina,  is  that  confiding  of  equal  parts 
£}{  nitric  and  muriatic  acid.  To  eSed  this  folution*, 
3which  is  generally  more  difficult  than  that;  of  goldy  ah 
ounce  of  platina  pud  be  put  into  a  retorf,'and  a  pound 
of  nitro-muriatic  acid,  confiding  of  the -above-mehtiofit- 
ed  proportions,  mixed  with  it:  the  retort- mud  theft 
he  put  on  a  fand-bath,  and  a  receiver  fitted  to  it.  As 
foon  as  the  acid  becomes  hot,  there  iflue  from  it  fome 
bubbles  of  nitrous  gas,  not  in  great  plenty. -The* mixed 
add  ads  calmly  and  ilowly :  this  acid,  ho\Arever,  takes 
at  fird  a  yellow  cotour,  which  changefs  to  an  orangte, 
and  becomes  gradually  deeper,  till  it  be  changed  int6 
a  very  dark  brown  red.-  When  the  folution  is  ^nded, 
particles  'tif  reddifli  an^  tilack  fand  are  found  at  the 
bottom  of  th^*  retort,  and  arii  feparafed  by  decanting  off 
the  liquor;  the  faturated  liquor  graduaAfy  depofites 
fmall  irregular  cry  dais  of  a  duiky  colour,  which  are  a 
combination  of  the  acid  withpl^tina^  The  folution  <sf 
platina  is  among  the  highed  coloured  of  tnetallic  fo- 
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luitoat.  Though  it  appears  to  be  of  a  deep  brown  coi 
four,  yet  when  it  is  diluted  in  water,  thm  fluid  takes  at 
iirft  an  orange  colour,  which  in  a  ihort  time  becomes 
yellow,  voA  very  like  the  folution  of  gold :  it  comma- 
nicates  to  animal  matters  a  blackilh  brown  tinge ;  which, 
however,  is  by  no  meaiis  purple.  M.  Baxim^  fays,  that 
platina,  melted  in  the  focus  of  a  burning  glafs,  an4 
di0blved  in  aqua-regia,  never  takes  a  brown  colour,  like 
^t  of  platina  in  grains ;  and  that  the  folution  is  of  a 
^eep  orange  yeUow. 

Macquer  afferts,  that  on  evaporating  the  folution  of 
platina,  and  fuffering  it  to  cool,  cryftals  are  obtaine4 
from  it,  much  larger,  and  much  more  beautiful,  than 
ihofe  which  it  depofites  of  itfelf  when  faturated.  Lewis, 
on  fuffering  this  folution  to  evaporate  in  the  open  air^ 
obtained  cryftals  of  a  deep  red  colour,  tolerably  large, 
jof  an  irregular  form,  and  pretty  like  the  acid  of  benzton^ 
but  thicker.  Bergman  defcribes  them  as  having  an 
o£kohaedril  form.  This  fait  is  tart,  but  not  very 
cauftic ;  it  melts  with  beat,  gives  out  it$  ^cid,  and  leaves, 
as  a  reHdue,  a  dark  grey  oxide.  The  concentrated 
fulphuric  acid  produces  in  it  a  dark-coloured  precipitate, 
which  is  no  doubt  fulphate  of  platina.  The  muriatic 
acid  likewife  produces  in  it,  in  the  courfe  of  time,  a  yeU 
lowifh  fedimentf 

AlkaUs  and  falino-terrene  matters  decompofe  the  fo- 
lution of  platina,  and  precipitate  the  metal  in  the  ftate 
of  oxide.  Carbopate  of  potafh  produces  ^orange  pre-p 
cipitate  in*  the  folution  of  platin?.  This  precipitate  is 
not  a  pure  oxide  pf  platina.  Meflfrs  Macquer  and  Baume 
have  obferved,  that  it  owes  its  colour  to  its  coAtaining 
9  certain  quantity  of  acid.    It  is  therefore  to  be  confi? 
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dcred  as  a  mixture  of  oxide  of  pbtina  with  muriate  of 
potafli,  or  a  kind  of  trif^  &k.  A  proof  of  this  opinion 
it,  diat  when  this  prect[Mtate  is  wafhcd  with  hct  water, 
the  floid  acquires  a  colour  by  diiTuIving  the  fait  of  pla- 
doa,  and  die  reSdue  is  pure  oxide  of  platina,  of  a  grey 
colour,  fixed  alkali,  boiled  on  this  precipitate,  inftant- 
Ij  deprives  if  of  its  colour,  leaving  an  oxide  of  placina 
^  ^  fB^  white  pearl  cok)ur,  according  to  the  experi- 
ments of  M*  Baume.  That  chemift  made  himfelf  cer- 
taio,  that  the  precipitate  of  platina  is  foluble  in  alkali ; 
for,  on  pouring  a  folution  of  the  metal  into  a  hot  folu- 
tioQ  of  carbonate  of  potaih,  he  found  no  preci]Htate 
produced :  and  this  folution,  precipitated  by  fixed  aU 
kali,  always  retains  on  this  account  a  deep  colour ;  and 
platina  may  be  eafily  obtained  by  evaporating  it  to  drj'- 
iiefs«  BCargraff  difcovered,  that  foda  does  not  precipi- 
tate die  Iblvtion  of  platina  :  but  Bergman  has  obfer- 
Ted,  that,  on  putting  into  it  a  great  quantity  of  this 
alkali,  there  is  a  precipitate  fpeedily  enough  pro- 
dnced. 

The  alkaline  PruiSates  form  a  copious  blue  precipi- 
tate, which,  according  to  M.  Baume,  is  owing  to  the 
iron  contained  in  the  alkali ;  for  if  the  Prufliate  of  pot- 
afh  be  purified  by  the  procefs  which  thai  chemift  de- 
fcribes  for  the  purpofe,  from  the  iron  which  it  con- 
tains, it  no  longer  afibrds  any  more  than  a  few  par- 
ticles of  blue,  which  are  owing  to  the  metal's  ftill  re- 
taining a  fmall  portion  of  iron.  Bergman  aflerts,  that 
an  ^il^altng  Phifiiate,  highly  faturated  and  very  pure, 
does  not  jvecipitate  the  folution  of  platina ;  and  that 
this  metal  is  the  only  one  not  liable  to  be  precipitated 

by 


1 70  Of  Flatina. 

by  tbis  ro-ap;ent ;  and  therefore  propofes  it  for  feparating 
the  iron  which  is  always  \ijl  i^nion  with  platina. 

Cau (lie  ammoniac  produces  an  orange  precipitate  ia 
tiie  IbiUtion^  of  platina.  This  precipitate  is  almofl:  en- 
tirely faliac ;  for  water  diflblves  mod  ^art  of  it,  taking 
a  colour  like  that  of  the  folution  of  gold.  After  the 
water  has  aded  on  this  precipitate,  there  remains  a 
blackiih  fubflance,  which  appears  to  be  ferruginous. 
One  effential  difterence  between  the  precipitate  of  pla- 
tina and  that  of  gold  by  ammoniac,  is,  that  the  former 
is  not  fulminating  like  the  latter. 

Nut-gall,  or  rather  the  gallic  acid,  produces,  in  the 
folution  of  plating,  a  deep  green  precipitate,  which  be* 
comes  gradually  pale  by  reft. 

All  precipitates  of  the  folution  of  platina  obtained  by 
alkaline  matters,  are  incapable  of  being  vitrified,  and 
of  colouring   glafs  by  furnace-fires.     In  the  attempts 
made  by  MefTrs  Lewis  and  Bap  me  to  accomplUh  tbis, 
the  platina  was  always  reduced  to  grains,  which  were 
arranged  in  ramifications,  or  a  kind  of  chequer  work, 
Platina  may  be  obtained  in  a  fort  of  button^  by  expo* 
fmg   thefe    precipitates  to   heat,    together    with  fomc 
reductive  fluxes,  fuch  as  borax,  crean^  of  tartar,  glafs, 
i^'c.     Mcflrs  Macquer  and  Baume,  melted,  in  five  and 
thirty  minutes,  at  a  forge-fire,  blown  by  two  Arong 
bellows,  a  precipitate  of  platina  mixed  with  thefe  fluxes* 
'J  hey   obtained   in  a  hard  blackifh  glafs,   like   bottle- 
glafs,  a  brilliant  button  of  platina,  which  appeared  to 
liavc  been  in  fufion.     This  button  was  not  dufUIe  :  it 
broke  into  two  pieces ;  in  confequence  of  which  it  was 
obferved  to  be  hollow  within.    It  was  nearly  of  the  fame 
hardncfs  with  forged  iron,  and  made  deep  fcratchcs  in 
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gold,  in  copper,  and  even  in  iron.  Notwithflanding 
what  we  have  obferved  of  precipitates  of  platina,  as  npt 
being  liable  to  vitrify  or  mix  with  glafs,  Baume  melted 
them  into  a  vitriform  mattei;  by  tvvro  different  procefTes. 
The  precipitate  of  platina,  mixed  with  calcined  borax 
and  a  very  fufible  white  glafs,  and  expofed  for  fix  and 
thirty  hours  to, the  heat  of  the  hottcfl  place  of  a  furnace 
for  pottery,  afforded  him  a  grecnifh  glafs,  inclining  to 
yellow,  and  containing  no  globules  of  reduced  metal. 
This  glafs  being  treated  anew  with  cream  of  tartar  gyp- 
fum,  and  potafh,  was  thoroughly  melted,  but  contained 
fmall  globules  of  platina  difperfed  through  it.  M.  Baume 
feparated  them  by  wafliing,  and  fcund  them  to  be  ducr 
tile.  He  then,  in  conjunction  with  M.  Macquer,  exr 
pofed  precipitate  of  platina  in  the  focus  of  the  fame 
burning.glafs  with,  which  they  had  melted  the  metal. 
The  precipitate  emitted  a  very  thick  luminous  fmoke, 
which  diffufed  a  ftrong  fmell  of  nitro-muriatic  acid :  it 
loft  it$  red  colour,  and  refumed  the  natural  colour  of 
platina ;  and  it  melted  into  a  glpffy  fparkling  button : 
which  button  was  an  opaque  vitrefcent  matter,  of  an 
hyacinth  colour  pn  the  furface,  and  blackiih  internally, 
and  may  be  confidered  as  a  real  glafs  of  platina.  It  is, 
however,  neceffary  for  us  to  obferve,  that  the  faline  mat- 
ters with  which  it  was  impregnated,  mufl,  without  doubt, 
have  contributed  to  its  vitrification. 

The  precipitate  of  platina  does  not  appear  to  be  fo- 
luble  in  fimple  acids  \  but  it  diffolves  readily  in  the  ni- 
tro-muriatic acid,  to  which  it  coinmunicates  only  an 
orange  colour  ;  never  a  brown  like  platina  in  grains. 

The  folution  of  platina  is  not  precipitated  by  alkaline 
pr  perfeft  neutral  falts }  but  ammoniacal  muriate  pro- 
duces 
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duces  in  it  a  copious  precipitate.     We  know  not  yet 
well  what  paffes  on  this  occafion.     It  appears,  that  the 
orange  colour  obtained  by  pouring  a  folution  of  amnio-^ 
niacal  muriate  into  a  folution  of  platina,  is  a  true  falin 
fubftance  entirely  foluble  in  water.     This  precipitat 
poffefles  one  property  of  no  fmall  importance,  which  was 
firft  obferved  by  M.  de  Lifle  ;    it  melti  alone,  withov^t 
any  addition,  in  a  good  ftrong  furnace-fire,  or  in  the  fire 
of  a  common  forge.     The  platina  melted  by  this  proce/i 
is  a  fparkling  button  of  confiderable  denfity  and  cfofc- 
nefs  of  grain,  but  not  malleable,  and  not  liable  to  be- 
come duflile,  unlefs  when  expofed  to  a  pretty  flrong 
heat.     Macquer  is  of  opinion,  that  the  fame  thing  takes 
place  in  this  inftance  of  fiifion,  as  when  grains  of  pla* 
tina  are  expofed  by  themfelves  to  the  aftion  of  a  ftrong 
fire ;  and  that  what  is  affected  is  nothuig  but  an  agglu* 
tination  of  the  particles  foftened  by  the  heat;  which  be- 
ing  much   more  minute  than   grains  of  platina,  are 
brought  more  completely  into  contaft  with  each  other 
than  thofe  grains  can  be ;  in    confequence   of  which, 
though  no  real  fufion  take  place,  yet  the  grain  of  the 
metal  is  much  clofer  in  this  than  in  the  former  cafe. 
It  appears,  however,  that  as  platina  in  grains  is  liable 
to  melt  in  a  buming-glafs,  and  acquires,  by  that  means^ 
confiderable  duftility ;  fo  the  precipitate  of  this  metal 
produced  by  ammoniacal  muriate,  being  in  a  ftate  0^ 
extreme  divifion,  may  be  alfo  melted  ;  and  if  the  pre- 
cipitate acquire  not  by  fufion  the  fame  ductility  "witt^ 
platina  melted  by  the  rays  of  the  fun,  this  is  perhaps 
owing  to  its  ftill  retaining  fome  matter  which  was  inter- 
mixed with  it  when  it  was  precipitated  j  but  may  be 
feparated  from  it  by  the  adion  of  fire. 

Margraff* 
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MargraflF  diffolved  plat ina  in  aqua-re^ia^  confifting  of 
[ixteen  parts  of  nitric  acid,  with  one  of  ammoniacal  mu- 
riate. On  didilling  this  folution  to  drynefs,  and  even 
till  the  retort  became  red-hot,  a  dark  red  fait  was  fublima- 
ted,  and  the  reiidue  was  a  reddifh  powder.  It  is  not 
known  whether  the  folution  of  platina  in  fimple  aqtia* 
rcgia^  that  is^  aqua-regia  confiding  of  nitric  and  mu- 
riatic  acid,  would  afford  the  fame  fublimate  by  diflilla- 
tion. 

Mefirs  Margraff*,  Baume,  and  Lewis,  mixed  the  fo- 
lution of  platina  with  folutions  of  the  other  metal- 
lic fubftances.  From  thefe  experiments  it  appears,  thac 
dmoft  all  metals  precipitate  platina  in  a  brick-red  or  a 
brown  powder  ;  and  that,  agreeably  to  what  happens  to 
mod  other  metals,  none  of  thefe  precipitates  poffefTes 
the  properties  of  a  metal.  In  this  there  is  an  analogy 
between  gold  and  platina:  with  tin,  however,  platina 
does  not  give  a  purple,  but  a  brown  precipitate,  incli- 
ning to  red.  With  refpeO:  to  the  effeds  which  the  feve- 
ral  metallic  folutions  produce  on  the  folution  of  platina, 
we  fhall  only  obferve,  that  folutions  of  bifmuth  and  lead 
by  the  nitric  acid,  of  iron  and  copper  by  any  of  the 
acids,  and  of  gold  hy  aqua-regi a ^  produce,  none  of  them, 
any  precipitate  in  the  folution  of  platina,  according  to 
Margrafi*:  but  again,  folutions  of  arfeniate  of  potafh,  of 
nitrate  of  zinc,  and  nitrate  of  filver,  arc  capable  of  pre- 
cipitating the  folution  of  platina  :  wjth  the  firfl:,  it  yields 
a  fcanty  cryftallized  precipitate  of  a  beautiful  golden  co- 
lour ;  with  the  fecond,  an  orange-red  matter  ;  and  with 
the  third,  a  yellow  matter.  Thefe  different  precipitates 
have  not  been  yet  carefully  examined  ;  nor  is  it  known 
by  what  decompofition  they  are  produced. 

1  §carce 


Scarce  any  of  the  neutral  falts  acts  upon  platini  ^ 
Margraff  heated  phtina  with  fulphate  of  potafii  anc3 
fulphate  of  foda  at  a  ftrong  fire.  The  falts  were  melted  ^ 
but  the  platina  remained  in  grains  without  alteration  • 
onlv  it  communicated  a  faint  reddifh  colour  to  theCa.. 
line  matters,  which  it  was  enabled  to  do,  no  doubt,  by 
means  of  the  iron  mixed  with  it. 

Nitre,  according  to  the  experiments   of  Lewis  and 
Margraff,  alters  platina  in  a  fmgular  manner.     No  de- 
tonation takes  place  when  a  mixture  of  thefe  two  fub- 
ilances  is  cad  into  a  crucible;    but  when  a  mixture, 
coni'-fting  of  one  part  of  platina  and  two  of  nitre,  is  ex- 
pofed  for  a  confiderable  time  to  an  intenfe  heat,  as 
Lewis  expofed  it  for  three  days  and  three  nights  fuccef- 
fively,  the  metal  takes  a  rufty  appearance.     If  this  mix- 
ture be  boiled  in  water,  the  fluid  difToIves  the  alkali, 
which  carries  with  it  a  brownifh  powder;  and  the  pla* 
tina  feparated  by  this  wafhing  is  found  to  be  one  third 
lefs  than  the  original  quantity.     The   brown   powder 
may  be  feparated  from  the  alkali  by  filtration.     This 
powder  appears  to  be  a  kind  of  oxide  of  platina,  mixed 
with  a  little  oxide  of  iron.     Lewis  caufed  it  to  take  a 
whitifh  grey  colour,  by  diftilling  it  many  times  fucccf- 
fively  with  ammoniacal  muriate.     MargraflF  repeated  this 
valuable  experiment,  and  has  added  two  important  fafts; 
platimi  combined  with  alkali  of  nitre,  and  diluted  ifl 
a  certain  quantity  of  water,  forms  a  jelly  :    A  portion 
of  the  metal  feparated  from  this  jelly,  by  dilution  in 
water  and  filtration,  takes   a  black  colour  like  pitch.— 
From  ihefe   circumftances,  it  appears,  that  the  platina 
fullers  in  this  procefs  fome  great  alteration  ;  and  it  is 
wiflied,  that  thefc  experiments  were  farther  profecutei 

in 
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in  order  to  determine  whether  by  repeated  oxidation 
with  nitre,  (his  metal  might  be  wholly  reduced  to  a 
brown  powder ;  as  alfo  to  afcertain  the  ftate  of  the  pla- 
tina  thus  oxidated. 

Muriate  of  potafh  or  foda,  borax  or  earthy  falts,  pro- 
duce, none  of  them,  any  alteration  on  platina,  nor  con- 
tribute in  any  degree  to  its  fufion.  Ammoniacal  mu- 
riate fublimated  with  this  metal  aflfords  a  fmall  quantity 
of  martial  flower i^  on  account  of  the  iron  contained  in 
the  platina. 

Chemifts  have  not  agreed  with  regard  to  the  mutual 
a£tion  of  arfenic  and  platina.  SchefTer  firft  gave  out 
that  arfenic  a£ted  as  a  flux  to  platina ;  but  the  .experi- 
ment fucceeded  only  in  part  with  Lewis,  and  did  not 
fucceed  at  all  with  Margraff,  Macquer,  and  M.  Baume, 
This  experiment  has  been  fince  repeated ;  and  it  is  now* 
eftabliflied  as  a  fad,  that  arfenic  does  caufe  platina  to 
melt  very  readily ;  and  that  the  mixture  produced  by 
this  fufion  is  exceedingly  brittle.  When  the  arfenic  is 
feparated  by  roafting,  and  the  perfeft  metal  expofed  to 
a  continued  heat,  the  latter  becomes  dudtilc.  Bv  this 
procefs,  M.  Achard  and  M.  Morveau  have  accompiilhed 
the  making  of  crucibles  of  platina,  by  melting  it  a  fe- 
cond  time  in  moulds. 

No  attempt  has  yet  been  made  to  combine  cobalt, 
nickel,  or  manganefe  with  platina. 

This  perfect  metal  enters  readily  enough  into  com- 
bination with  bifmuth  ;  which  renders  it  fufible,  and 
the  more  fo  the  greater  the  quantity  of  the  bifmuth. — 
fhis  mixture  is  brittle  ;  it  becomes  yellow,  purple,  and 
"l^ckiih  in  the  air  j  it  cannot  be  cupelled  without  the 
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greateft  difficulty  ;  the  mars  has  always  very  little  duc- 
tility. 

Platina  eafily  inelts  with  antimony  :  the  produd  is  :x 
brittle  metal  with  facets,   from   which   the  antimony 
may  be  feparated  by  the  aftion  of  fire,  but  which  ftiH 
retains,  whatever  means  may  be  ufed  for  its  feparatioo, 
fo  much  of  the  antimony  as  is  Aifficient  to  deftroy  die 
gravity  and  dudility  of  the  platina. 

Zinc  renders  platina  very  fufible,  and  combines  very 
eafily  with  it ;  the  mixture  is  brittle,  and  refills  the  file : 
it  inclines  to  blue  in  colour,  when  the  platina  is  more 
copious  than  the  zinc.  Thefe  two  metallic  matters  are 
feparable  by  the  a£tion  of  fire,  which  volatizes  the  zinc ; 
platina,  however,  always  retains  a  little  of  it. 

Platina  does  not  combine  with  mercury  ;  and  though 
iriturated  together  for  hours,  thefe  two  metallic  matters 
cannot  be  formed  into  an  amalgam.  It  is  alfo  known^ 
that  in  America  mercury  is  employed  to  feparate  platinx 
from  gold.  Various  intermedia,  fuch  as  water,  which 
Meflrs  Lewis  and  Baume  made  ufe  of,  and  nitro-muria'* 
tic  acid,  which  M.  SchefFer  employed,  contribute  nothing 
to  the  union  of  platina  with  mercury.  It  refembles  iron 
in  this  property,  as  alfo  in  colour  and  hardnefs. 

Platina  readily  combines  with  tin.  Thfe  mixture  is 
very  fufible,  and  mells  into  a  flowing  liquid.  It  is  fo 
brittle  as  to  break  even  by  a  blow,  when  the  two  mctab 
are  united  in  equal  parts.  When  tin  is  in  the  propof- 
tion  of  twelve  or  more  parts  to  one  of  the  platina,  the 
mixed  metal  is  then  fufficiently  duftile ;  but  its  grain  is 
coarfe,  and  it  becomes  yellow  in  the  air.  The  platins 
diminidies  the  dudility  of  the  tin  in  an  amazing  degree, 
and  it  :^oes  not  appear  that  any  advantage  can  be  deri- 
ved 
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Ted  from  this  mixture.  However,  when  well  polifhed,  it 
remains  long  in  the  air  without  fufifering  alteration.- 
Lewif,  to  whom  we  owe  mod  of  our  knowledge  con- 
cerning the  mixtures  of  platina,  oxidated  the  metal,  and 
diuoived  it  in  muriatic  acid  by  means  of  the  tin. 

Lead  and  platina  combine  very  well  by  fiifion ;  but 
aftnmger  £re  is  requifite  to  melt  them  than  to  mek  the 
ioregoing  mixture.  The  platiiu  defiroys  the  du&ility 
of  the  lead.  From  the  combination  of  thefe  two  metals 
there  refults  a  mixed  metal,  nearly  of  a  purple  colour, 
nore  or  \t£%  brittle  according  to  the  proportions  of  the 
pbtina,  ftriated  and  granulated  in  its  fracture,  and  liable 
to  alter  very  readily  in  the  air.  Cupellation  of  lead 
^^  one  of  the  moft  important  experiments  to  be  made 
on  platina ;  for  this  was  the  only  operation  that  could 
be  expeded  to  feparate  from  it  fuch  extraneous  matters ' 
^  it  might  contain.  Lewis,  and  feveral  other  chemifts, 
^  nm  attempted  to  cupel  platina  in  common  cupelling 
ftnnaces,  whatever  the  degree  of  the  heat  employed  in 
^hofe  furnaces.  On  account  of  the  exccfs  of  the  lead, 
K  IS  vitrified  and  abforbed  in  the  beginning  of  the  ope- 
^ioD ;  but  the  platina  foon  becomes  fixed,  and  the  pro- 
S^  of  the  operation  flops ;  the  perfe^  metal  remains 

• 

^  union  with  a  portion  of  the  lead,  and  is  without  due- 

^uity.    MeiFrs  Macquer,  and  Baume  efieded  the  com- 

P'cte  cupellation  of  platina,  by  expofing  an  ounce  of 

^  metal  with  two  ounces  of  lead  to  the  Jicat  of  the 

"^Ueft  place  of  the  porcelain-furnace  at  Seves.     The 

^^HhI  fire  that  they  kindled  in  it  burned  for  fifty  hours 

^'^temxptedly.     At  the  end  of  that  time  the  platina 

^y  flat  upon  the  cupel :  its  upper  furface  was  dark  and 

**^tivelled,  and  was  eafily  feparable  from  the  T4i^  its 
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under  furhce  was  brilliant ;  and  what  is  tt  moft  im  ^ 
portance,   it  was  now  fufl^ciently   malleable.      TbeC^ 
chemifts  afcertained,  by  every  poffible  means,  the  plating 
to  be  very  pure,  s^nd  unmixed  with  lead.     M.  de  Mor- 
veau  likewife  fucceeded  in  cupelling  a  mixture  of  a 
dram  of  platina  with  two  drams  of  lead  in  Macquer's 
wind-furnace.     This  operation,  which  was  four  timet 
repeated,  lafied  eleven  hours.    M.  de  Morveau  obtained^ 
*  a  button  of  platina,  not  adhciive,  uniform,  coloured  like 
tin,  fomewhat  rough,  weighing  exadly  a  dram,  an4,iK)t 
fubjefl  to  the  attra£tion  of  the  magnet.     This  is  diere- 
fore  a  convenient  procefs,  by  which  platina  may  be  melt* 
ed  into  platen  that  may  be  wrought  in  the  forge ;  and 
of  confequence  made  intp  various  utenfils  of  great  taluc 
for  their  hardnefs  and  unalterabilky.     M.  Baume  lilu* 
wife  obferved  it  to  poffefs  this  valuable  property,  that 
diflferent  pieces  of  it  may  be  foldered  and  wrought  to* 
gether  like  iron,  without  the  intervention  of  a  third  me-   , 
tal.     After  heating  two  pieces  of  platina  that  had  been 
pupelled  in  the  furnace  of  Seves  to  a  white  red,  he  put 
the  one  upon  the  other,  and  (Iruck  them  with  a  ham* 
mer  ;  and  by  this  management  the  two  pieces  were  is 
fufBciently  and  folidiy  foldered  as  apy  two  pieces  of  iron 
could  have  been.     It  is  not  neceflary  that  wefhonld  in- 
fid  long  on  this  experiment,  to  (how  what  advantages 
the  arts  may  derive  from  it. 

Lewis  could  not  obtain  a  mi?pture  of  forged  iron  and 
platina.  A  mixed  metal  of  this  kind  would  pofleft  at 
once  the  bardnefa  of  tempered  fleel,  and  a  coniiderable 
degree  of  du£tility  ;  it  would  not  at  lead  be  fo  brittle  ai 
ftecl.  The  Englifti  chemift,  whom  we  have  cited,  melt- 
ed 3J|M]Kture  of  caft  iron  and  platina.     The  alloy  \m 


to  hard  that  the  file  could  make  no  itn{>re{non  upon  it^ 
it  bad  little  dudility  ;  but  when  red-hot  it  broke  with 
a  fmooth  fra£lure. 

Platina  <:ominuaicate$  hardnefs  t<3  copper,  and  melts 
wiih  it  eafily  enoughs  This  mixture  is  duiftile  when 
the  proportion  of  the  copper  is  three  or  four  limes 
that  of  the  platina.  It  takes  a  fine  polifli^  and  is  no( 
liable  to  be  tarniihed  in  the  xioiirfe  of  ten  years. 

Platina  deftroys  in  part  the  dufUlicy  of  filver,  in- 
creafes  its  hardnefs,  and  tarniflies  its  colour.    The  mix- 

•  •  •  • 

ture  is  very  difficult  to  melt.  The  two  metals  are  fepa- 
rable  by  fufion  and  rciL  Levis  obferyed,  that  th^  fiU 
ver  melted  with  platina  is  dafhed  with  a  kind  of  explo- 
(ion  againft  the  fides  of  the  vefleL  This  phaenomenon 
feems  to  be  effefted  fole^y  by  the  filver  ;  for  M.  d'Axjcet 
faw  that  metal  burfl  bowls  of  porcelain,  in  which  it  was 
inclofed,  aiid  iprin^  out  of  thofe  veiTels  in  confequencc 
of  the  adlion  of  the  (ire  upon  it. 

A  very  ftrong  heat  is  requifite  to  make  platina  .com- 
bine properly  with  gold.  It  greatly  •alters  the  colour 
of  that  metal,  at  lead  if  its  quantity  be  not  very  fmall ; 
for  inftance,  a  forty-feventh  part  of  platina,  and  all  pro- 
portions under  that,  produce  but  little  alteration  on  the 
colour  of  gold,  Platina  fcarce  diminifhes  the  ductility 
of  gold  ;  it  is  even  one  of  thofe  metals  which  have  the 
lead  influence  on  gold  this  way.  The  gravity  of  pla- 
tina being  greater  than  that  of  gold,  might  be  an  en- 
couragement to  fraud ;  and  the  Spanifh  miniftry  ha\re 
therefore  prohibited  the  exportation  of  the  metal.  How- 
ever, fmce  chemical  methods  of  diftinguUhing  when  gold 
is  alloyed  ^ith  platina  have  been  difcovered,  thefe  fears 
2fQ  now  vain  ;  and  it  is  much  to  he  wi&cd,  that  pla- 
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f Ina  were  permitted  to  be  an  article  of  commerce,  that 
foi  wc  might  obtain  the  ufe  of  a  new  metal,  which  pro- 
mifes  to  be  fo  ferviceable. 

The  folution  of  ammoniacal  muriate  polTefles,  as  we 
have  obferved,  the  property  of  precipitating  platina. 
When,  therefore,  gold  is  fufpefted  to  be  alloyed  with 
platina,  a  folution  of  it  in  ac^ua-regta  may  be  afTayed 
with  a  folution  of  ammoniacal  muriate.  If  it  contain 
any  platini,  however  little,  an  orange  or  reddifh  preci- 
pitate will  be  produced :  if  there  is  no  precipitate  pro- 
duced, this  circumftance  is  a  proofthat  the  gold  contains 
no  platina.  If  the  valuable  properties  of  platina  fhould 
one  day  render  it  more  fcarce  and  more  efteemed  than 
gold,  neither  will  we  then  be  in  danger  of  having  al- 
loys of  gold  with  platina  impofed  upon  us  for  pure  pla- 
tina  ;  for  a  foliftion  of  fulphate  of  iron,  which  poffefies 
the  property  of  precipitating  a  folution  of  gold  without 
aSefting  platina^  might  be  ufed  as  a  teft  to  prevent  fuch 
impofition.  A  ptate  of  tin  immerfed  into  a  folution  of 
platina,  alloyed  with  gold,  would  likewife  detect  the  pre- 
fence  of  the  latter  metal,  by  becoming  coated  with  a 
purple  precipitate ;  whereas  platina  by  itfelf  gives  it 
only  a  dirty  brown  colour,  inclining  to  red.  Befides, 
the  precipitate  of  platina  docs  not  colour  glafs  ;  whereas 
the  precipitate  of  geld  gives  it  a  purple  coloqr, 

AH  thcfc  properties  of  phtina  which  we  have  cxa- 
mined  prove  it 'to  be  a  peculiar  metal.  Its  pofifefling  in 
fo  low  a  degree  the  properties  of  duftility  and  fufibilitv, 
which  has  been  confidered  by  fome  perfons  as  a  ftron;: 
obje£Uon  againft  this  opinion,  is  not  fufficient  to  juftiJy 
the  refufing  it  that  charafter  which  we  have  afcribcd  \^ 
1^  :  for  perhaps  the  iliflcrence  between  the  fufibilitv  ot 
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platina  and  that  of  forged  iron,  is  not  fo  confiderable 
as  the  difference  between  the  fufibility  of  forged  iron 
aod  that  of  lead  :  and  its  induftility  may  be  cbnlidered 
as  owing  to  its  having  never  yet  been  completely  melt- 
ed. With  refped  to  the  opinion  of  thofe  philofophers 
who  think  platina  a  natural  alloy  of  gold  with  iron, 
ho\ii'ever  ingenious  and  fatisfa£lory  it  may  appear,  it 
cannot  be  admitted  till  fuch  time  as  platina  (hall  be 
f^^parated  by  an  cxzGt  analyfis  into  thefe  two  metals,  and 
till  it  be  better  imitated  than  at  prefent  by  an  artificial 
nuxtm'e  of  gold  with  iron.  Laftly,  Macquer  has  urged 
2  ^ery  ftrong  objedion  againft  this  lafl  opinion,  by  ob- 
ferving,  that  the  more  thoroughly  platina  is  purified 
^m  iron,  the  more  remote  does  it  appear  in  its  ex- 
terior charaderiftics  and  properties  from  the  nature  of 

It  may  be  eafily  conceived  with  what  advantages  ttfe 
oie  of  this  precious  metal  in  commerce  wotdd  be  2J^' 
tended,  as  it  poflefles,  with  the  durability  of  gold,  nearly 
the  hardnefs  of  iron,  and  is  proof  againft  the  adion  of 
the  moft  violent  fire,  and  the  moft  concentrated  acids. 
^  would,  doubtlels,  be  of  the  higheft  utility  both  to  chc- 
o^Ufiry  and  to  the  arts. 

*Hie  deofity  and  opacttj  of  platina  render  it  valuable  for  tbe  con* 
^^■^adion  of  opttcd  indniments.  The  Abb^  Rochoo  bin  oonftroded 
^  VKurror  of  tint  metal,  the  cfk&  of  which  greatly  furpaflct  that  of  the 
'"^isTon  mde  of  ftccl  and  other  metaU.  Like  o^icr  naetallic  mirrort, 
^  reficat  but  a  fiogle  image }  bat  is  at  the  filme  tia>e  ai  unchangeable 
**  the  mirrors  of  glals.     H. 


M  3  CHAP. 


SOS! 


CHAP.    XXIII. 


Genus  VL  Bitumens  in  general 


BITUMENS  arc  combuftiblc  matters,  cither  fo<id,fcft, 
or  fluid,'  of  a  ftrong,  acrid,  aromatic  ftnell,  and 
apparently  of  a  much  more  compound  natm-e  than  any 
#f  the  bodies  belonging  to  the  mineral  kingdom  ^Bpfaicb 
ive  have  yet  examined.  They  are  found  either  in  ftrati 
in  the  bowels  of  the  earth,  or  dropping  from  rocks,  or 
fwimniing  on  the  farface  of  waters.  They  generally 
burn  with  a  rapid  flame  when  heated  in  contact  with 
air,  like  thofc  matters  formed  by  the  organs  of  animak 
and  vegetables,  which  are  called  oils.  They  do  not  ad- 
mit of  being  fo  exactly  analyfed  as  earthy,  fidme,  or 
metallic  matters  ;  for  the  adion  of  fire  alters  them  io  ^ 
-  Angular  manner,  extra  fting  from  them  principles,  which, 
as  they  are  volatilized,  se-a£i  on  each  other.    In  this  re- 

fpcfl, 

*  The  reader  may  here  rccolIc£^,  that  we  divided  cookboftibk  mioenl 
matters  into  fire  genera ;  diamondi  bydroj^noci  gaa»  fcdiphor,  mctalf* 
tfod  bitumeni.     F 


fpeft,  there  b  an  analogy  between  bitmnen^  and  vege« 

liable  and  animal  fobftances.    They  afford,  by  diftilla- 

^tion,  an  odorate  water  phlegm,  more  or  lefs  coloured 

snd  iaiine ;  an  acid  generally  concrete ;  fometimes  am- 

Mnoniac  ;  and  oils,  which,  though  at  firft  light,  become 

more  and  more  diick  and  coloured,  as  the  diflillation 

is  continued,  and   the  ftrength  of  the  fire  increafed* 

After  this  analyfis,  there  remains  a  coal  of  a  greater  or 

a  le&  bulk,  denfe,  light,  porous,  brilliant,-  or  compaft, 

according  to  the  particular  nature  of  the  bitumen.    This 

analyfis  is  a  proof  that  thefe  inflammable  bodies  have 

originated  from  animal  or  yegetable  matters;   as  we 

(hall  relate  more  at  large  when  we  give  the  hiftory  of 

their  properties. 

Bitumens  fufier  fome  alterations  from  light;  when 
fluid,  their  colour  is  rendered  deeper,  add  their  fmell 
modified  in  tranfparent  veflels.  The  air  renders  them 
flicker  by  a  gradual  evaporation  of  the  moifture  which 
they  contain ;  and  the  drier  the  atmofphere,  fo  much  the 
fpeedier  is  this  evaporation.  Their  odorous  principle, 
or  fpiritus  redtor^  is  at  the  fame  time  gradually  diflipa- 
ted ;  and  from  fluid  they  become  by  degrees  tenacious 
and  folid.  But  this  latter  alteration  requires  a  long 
feries  of  years. 

When  bitumens  are  boiled  in  water,  the  water  does 
not  diffolve  them,  but  extrads  their  fpiritus  redor,  and 
afterwards  exhales  that  odour  which  is  peculiar  to  them. 
It  would  therefore  appear,  that  water  has  a  greater  affi- 
nity with  their  odorpas  principle  than  the  oily  matter  of 
the  bitumen ;  and  perhaps  thefe  bodies  might  thus  be 
entirely  deprived  of  fmell. 

No    experiments   have  been  rr.aJe  to  determine   in 

M  J.  what 


what  manner  the  falino- terrene  fabftances  a&  opon.bc^ 
tumens.    Both  lime  and  pure  alkalis,  however)  appear 
capable  of  combining  with  thefe  combuftible  matters, 
and  forming  with  them  compounds  foluble  in  water, 
which  are  called  y^^/. 

We  know  not  in  what  manner  the  mineral  acids 
are  capable  of  ading  on  bitumens*  Probably  they 
would  either  diflblve  or  burn  them  like  oils,  according 
to  the  (late  of  concentration  in  which  they  happened  to 

be. 

Neither  has   the  a^ioh  of  neutral  falts,   bydroge"* 
nous  gas,  fulphur,  or  metals,  on  bitumens,  been  exa-^ 
mined ;  and   the  chemical  properties   of  thefe  bodies 
.are  in  general  but  very  little  known.     This  is  an  un^ 
beaten  path ,  and  very  ufeful  difcoveries  might  here  b^ 
made* 

Naturalifls  have  been  at  much  more  pains  in  ftudying' 
the  origin  and  formation  of  bitumens,  than  chemifts  ia 
analyfing  them.  Several  different  opinions  have  been 
entertained  on  this  head.  Some  have  thought  com- 
buftible bodies  to  belong  properly  to  the  mineral  king- 
dom, and  to  hold  in  it  the  fame  rank  which  oils  and 
refins  hold  among  organic  matters.  But  this  fancied 
analogy,  however  plaufible,  does  not  agree  with  fads } 
for  we  know  of  no  fubflance  in  the  mineral  kingdom 
of  an  oily  nature.  And  that  opinion  which  afcribes  the 
origin  of  bitumens  to  vegetable  matters  buried  under 
ground,  and  altered  by  the  adion  of  mineral  acids,  has 
been  much  more  generally  received  than  the  former. 
Every  faft,  indeed,  concerning  bitumens,  concurs  to 
prove,  that  they  have  been  produced  from  organic 
matters.     Near  them  '♦irc  found   a  great  many  matters 

fiill 
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flill  retaining  an  organical  form.    Belides,  their  che- 
mical properties  are  thofe  of  fubftances  formed  by  the 
adion  of  vital  powers  ;  and  they  have  been  imitated  to  a 
certain  degree  by  the  combination  of  oils  with  concentra- 
ted fulphuric  acid.     In  the  chemical  hiftory  of  vegetable 
matters,  we  fliatl  fee^  that  this  acid  brought  into  conta£t 
with  eflfential  oil;,  renders  them  hard  and  black,  and 
communicates  to  them  a  flrong  pungent  fmell  like  that 
of  bitumens.     But  are  thefe  bodies  formed  folely  from 
vegetables  buried  under  ground,  as  has  been  averted  by 
mod  naturalifts  ?  Do  animal  matters,-  in  the  fame  fitua- 
tion,  never  contribute  to  the  formation  of  bitumens  ? 
One  objedion  which  may  be  urged  againft  the  opinion 
that  reprefents  bitumens  as  originating  folely  from  par-* 
ticular  vegetable  bodies,  is  the  great  difproportion  be- 
tween the  maifes  of  bitumen  found  in  the  earth,  and  the 
wood  or  trees  found  near  them,  and  (till  more  the  tri- 
fling quantity  of  oily  matters  contained  in  thofe  vege- 
table fubdances.     And  farther,  the  abundance  of  thefe 
combuftible  bodies,  in  places  where  fcarce  any  remains 
of  vegetable  matters  appear,  but  the  exuvias  of  animals 
are  found  in  heaps  above  the  bitumens,  leads  us  to  think, 
that  thefe  latter  organic  beings  have  contributed  greatly, 
perhaps  more  than  vegetables,  to  the  formation  of  cer- 
tain bituminous  fubftances.     We  may  likewife  obferve, 
that   the  fucceflive  (Irata,  in   which  feme   continuous 
maflcs  of  bitumen  are  found  arranged  in  the  interior 
parts  of  the  globe,  indicate  thofe  maifes  to  have  been 
depofited  flowly,  and  by  water ;  and  that  the  date  of 
their  formation  correfponds  to  the  period  in  which  fuch 
immenfe  mafles  of  fhells,  and  other  marine  bodies,  have 
been  formed  by  the  fea.    They  have  therefore  been  in 

a.. 
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a  fluid  (late,  and  have  become  hard  in  the  courfe  of  time^ 
in  confequence  of  being  expofed  to  the  aftion  of  falineor 
other  fubftances,  abounding  in  the  interior  parts  of  the 
earth.  Such  is  the  opinion  which  M.  Parmentier^  Mem* 
ber  of  the  College  of  Pharmacy,  has  embraced  concern- 
ing the  origin  of  mineral  coal,  in  a  Memoir  which  he 
read  before  that  Society  at  the  opening  of  their  courfe 
of  ledures.  The  oils  and  fats  of  marine  animals  ap« 
pear  therefore  to  be  part  of  the  materials  which  Nature 
employs  in  the  formation  of  certain  bitumens :  and  there 
are  others  again,  the  origin  of  which  is  evidently  from 
vegetables,  and  which  have  been  produced  from  refins 
or  efTential  oils,  buried  and  altered  in  the  earth* 

The  number  of  bitumens  is  very  confiderable.    Na- 
turalifts  have  arranged  them  under  various  geniera.  Con- 
lidered  chemically,  they  merit  rstther  to  be  confidered 
as   fo  many  fpecies ;  for  the  fame  chemical  charafie*^ 
riftics  are  common  to  them  all.    Some  of  tnenr aRTP* 
quid ;  others  of  a  foft  confiftency  :  there  are  others  fo« 
lid,  and  among  thefe  fome  fo  hard  as  to  be  fufceptible 
of  polifh :  others  friable.    We  know  of  five  fpecies,  con- 
fiderablv  diftind  from  one  another.    Thefe  are  amber^ 
the  afphaltes  or  bitumen  of  Judsea,  jet,  pit-coal,  and 
petroleum ;  and  we  are  to  give  their  hiftory.     Amber- 
gris we  do  not  confider  as  a  bitumen  but,  as  an  animal 
produft. 


CHAP. 
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CHAP.      XIV. 


Species  L    Of  Ambers  and  its  Acid. 


THIS  fubftance  is,  in  external  appearance,  one  of  the 
moft  beautiful  of  bituminous  matters :  it  exifts  in 
irregular  fragments  of  a  yellow  or  brown  colour,  either 
tranfparent  or  opaque,  and  compofed  of  layers  or  fcales. 
It  takes  a  very  fine  polifli.  After  being  rubbed  for  fome 
time,  it  becomes  eledric,  and  attrads  ftraws.  The  an- 
cients, who  knew  amber  to  poffefs  this  property,  gave 
it  the  name  of  eleffrumj  and  hence  the  word  eJeiiricity. 

The  confiftency  of  this  bitumen  is  pretty  hard,  nearly 
equal  to  that  of  certain  flones  ;  which  has  induced  fe- 
yeral  authors,  particularly  Hartman,  a  naturalift  who  li« 
Ted  about  the  end  of  the  laft  century,  to  rank  it  among 
precious  ftones.  It  is,  however,  brittle  and  friable.— 
When  pulverized,  it  difiufes  an  agreeable  enough  fmell. 
It  i^  often  found  to  contain  infefts  in  a  good  ftate  of 
prefervation ;  a  circumdance  which  proves  that  it  has 
1)ecn  in  a  liquid  (late,  and  in  that  (late  has  inclofed  thefe 
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bodies.  It  is  ufually  buried  under  ground,  at  variom 
depths  ;  it  is  found  under  coloured  fand,  in  fmall  inco« 
herent  maffes,  6ni  beds  of  pyritous  earth  :  above  it,  is 
found  wood  containing  a  blackifh  bituminous  matter. 
From  thefe  circumftances,  it  is  thought  to  be  formed 
from  a  refmous  fubftance,  altered  by  the  fulphuric  acid 
of  the  pyrites.  It  alfo  floats  on  fea-coafts.  It  is  ga- 
thered on  the  (hores  of  the  Baltic  in  Ducal  Pruffia. 
The  hills  of  Provence,  near  the  town  of  Sifleron,  the 
marquifate  of  Ancona,  and  the  duchy  of  Spoletto  in  Ita« 
ly ;  Sicily,  Poland,  Sweden,  and  various  other  countries, 
likewife  afford  this  fubftance.  This  bituminous  fub- 
fiance  is  diftinguifhed  into  a  good  many  varieties,  by 
its  colour,  contexture,  tranfparency,  or  opacity.  WaU 
Icrius  reduces  them  to  the  following 

Varictief. 

1.  White  tranfparent  amber* 

2.  Pale  yellow  tranfparent  amber. 
3*  Citron  yellow  tranfparent  amber. 

4.  Tranfparent  amber  of  a  golden  yellow  co- 

lour.    Cbry/o-eUdrum  of  the  ancients. 

5.  Dark  red  tranfparent  amber. 

6.  White  opaque  amber.     Luceleilrum. 
7*  Yellow  opaque  amber. 

8.  Brown  opaque  amber. 

9.  Amber  coloured  green  or  blue  by  extra- 
neous matters. 

10.  Veined. 

Were  we  to  take  notice  of  all  the  accidental  appear- 
ances which  are  obferved  in  the  interior  parts  of  pieces  ^* 
araber,  we  might  extend  thefe  varieties  to  a  much  more 

confiderabl^ 
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:6nliderable  number.  But,  in  regard  to  the  price  de- 
nanded  for  pieces  of  amber,  on  account  of  their  fize, 
:heir  tranfparency,  and  their  containing  infefls  in  a  fine 
late  of  prefervation,  it  \9  proper  to  warn  people  that 
:hey  may  not  be  impofed  upon  j  ias  many  perfons  know 
iiow  to  render  it  tranfparent,  or  colour  it  at  pleafure, 
as  well  as  to-  foften  it  to  a  degrefl  that  extraneous  bo- 
dies may  be  introduced  into  it.  Wallerius  informs  us, 
that  gold-coloured  amber  always  owes  its  tranfparency 
to  nature ;  and' that  amber  made  tranfparent  by  art  is 
always  of  a  pale  colour. 

Although  it  be  highly  probable,  that  this  bitumen  ori- 
ginates from  rclinous  vegetable  matters  ;  yet  f^^veral  na- 
turalifts  have  entertained  different  opinions  concern- 
ing its  formation.  Some  have  thought  it  to  be  urine  of 
certain  quadrupeds,  congealefl  and  hardened ;  others 
have  imagined  it  a  juice  of  the  earth,  extraded  and  car- 
ried off  by  the  fea,  which  being  driven  by  the  vi^ters 
on  the  fhore,  is  there  dried  and  hardened  by  the  rays 
of  the  fun.  This  clafs  of  naturalifts  call  it  a  peculiar  nu- 
neral  juice.  Such  was  the  opinion  of  an  ancient  natu- 
ralift  of  the  name  of  Philemon,  quoted  by  Pliny.  It 
has  been  in  modern  times  revived  by  George  Agricola. 
Frederick  Hoffman  thought  it  to  confift  of  a  light  oil,  fe- 
parated  by  heat  from  bituminous  wood,  and  thickened 
with  the  acid  of  vitriol.  This  opinion  of  Hoffman's, 
however,  cannot  be  admitted  :  it  is  not  eafy  to  imagine 
how  an  oil  feparated  in  the  bowels  of  the  earth  could 
happen  to  contain  animals  that  are  known  to  live  only 
on  the  furface.  Till  of  late,  amber  was  thought  to  be 
a  refinous  juice,  which  dropped  at  firft  in  a  fluid  (late 
from  certain  tr,tes :  this  juice,  it  was   tliought,  having 

been^ 
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t)een,  by  fome  convuliion  of  the  earth,  buried  under 
^ound,  had  been  there  hardened,  and  impregnated  with 
faline  mineral  vapours.  But  there  is  no  appearance  of 
its  having  been  altered  by  concentrated  acids ;  for  ex- 
perience fhowSy  that  fuch  acids  would  have  blackened  it, 
and  reduced  it  to  a  carbonaceous  ftate.  Pliny  thought 
amber  to  be  nothii)gJj|ut  the  reiin  of  the  pine-tree  con- 
denfed  by  cold.  M.  Girtanner  thinks  it  to  be  a  vege- 
table oil  concreted  by  the  acid  of  the  ants*  The  formicM 
rufa  of  Linnaeus  is,  according  to  this  author,  the  fpecies 
which  prepares  it.  Thefe  infedts  inhabit  old  forefts  of 
fir-trees,  where  there  is  foflile  amber  £3und,  which  is 
duftile,  like  liquid  wax,  but  becomes  dry  in  the  air. 

A  confiderable  degree  of  heat  is  neceflfary  to  liquify 
amber :  it  becomes  foft,  and  fwells  a  good  deal.  When 
heated  iji  contad  with  air,  it  takes  fire^  and  diflufes  I 
very  thick  and  flrong-fmelling  fmoke*  Its  flame  it 
yellowifli,  variegated  with  green  and  blue»  After  its 
combuftion  there  remains  a  fparkling  black  coal,  which 
affords,  by  incineration,  a  very  fmall  quantity  of  brown 
earth.  Bourdelin,  in  his  Memoir  on  Amber.  (Acadewj^ 
1742),  relates,  that  h?  obtained  only  eighteen  grains  of 
this  earth  from  two  pounds  of  amber  burnt  in  a  roafting 
pot.  Half  a  pound  of  the  fame  bitumen,  burnt  and 
calcined  in  a  crucible,  afforded,  in  a  fecond  gperationt 
twelve  grains  of  earthy  refidue }  from  which,  by  means 
of  the  magnet,  he  extracted  iron. 

Amber  diftilled  in  a  retort,  by  a,  fire  gradually  ap- 
plied, gives  at  firit  a  phlegm  which  takes  a  red  colouri 
and  is  plainly  of  an  acid  nature.  This  acid  fpirit  re- 
tains a  flrong  fmeil  of  amber  \  there  paffes  next  a  vola- 
tile acid  fait,  which  cryflallizes  in  the  neck  of  the  retort 
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intoffliall  white  oryellowifli  needles  ;  next  after  this  fait, 
there  comes  a  white  light  o^  ^  ^  ^^^  lively  fmelL  lliis  oil 
gradually  takes  a  colour  as  the  fire  becomes  ftronger,  and 
at  length  becomes  brown,  blackifb,  thick,  and  vifcid,  like 
eropyreumatic  oils.  While  thefe  two  oils  are  palling,  there 
i&  a  certain  quantity  of  volatile  fait  fublimated,  which  be- 
comes gradually  more  und  more  coloured.  After  the  ope- 
ration, there  remains  in  the  retort  a  black  mafs  fixed  on  its 
bottom,  brittle,  and  fimifar  to  the  bitumen  of  Judasa* 
George  Agricola  made  this  obfervation  three  centuries  a- 
go,  on  therefidue  of  diftilled  amber.  When  the  opexfldoa 
is  condticled  with  a  moderate  fire,  judlcioufly  applied,  and 
the  quantity  of  the  amber  not  inconfiderable,  thefe  pro- 
^uds  may  be  obtained  feparately  by  changing  the  receir 
ver.    They  are  commonly  received  all  in  one  receiver^ 
^  afterwards  rectified  by  a  moderate  heat.     The  acid 
lofes  its  colour  in  par;L  by  this  rectification.     The  oil, 
tbe  reafon  of  which  becoming  black  towards  the  end  of 
the  operation,  is  becaufe  it  carries  with  it  a  portion  of 
arbonaceous  matter,  and  becaufe  the  acid  re-ads  on  itf 
principles,-r-may  be  rendered  very  white  and  very  light 
by  repeated  diftillation.     Roueile,  the  elder,  has  given  a 
very  good  procefs  for  obtaining  it  in  this  (late  by  one 
operation.     Put  the  oil  with  water  into  a  glafs  alembic, 
and  difiil  it  by  the  heat  of  boiling  water ;  the  purefl  por- 
tion, being  the  only  part  of  the  oil  volatile  at  fuch  a  de- 
gree of  hear,  on  account  of  its  levity,  paffes  with  the 
water,  and  is  collected  above  it.     To  preferve  it  in  this 
date,  it  muft  be  put  up  in  flone-vefiels ;  for  in  glafs- 
veflels,  the  rays  of  light  which  pafs  through  that  matter, 
give  it,  in  a  certain  time,  a  yellow,  or^ven  a  brown  co- 
lour. 
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This  analyfis  proves  amber  to  confifl:  of  a  great  quan- 
tity of  oil  rendered  concrete  by  an  acid.  It  contains 
likewife  a  very  fmall  quantity  of  earth  the  nature  of 
which  has  not  been  yet  examined,  and  a  few  particles 
of  iron. 

The  oil  of  amber  appears  to  be  much  of  the  fame  na- 
ture with  eiTential  oils.  It  is  equally  volatile,  and  has 
the  fame  fmell.  It  is  very  inflammable ;  and  appears 
to  be  fit  for  forming  foaps  with  alkalis. 

The  volatile  fait  of  amber  was  for  Ibme  time  confider* 
ed  a?  an  alkaline  fait.  Glafer,  Le  Fevre,  Charas,  and 
John-Maurice  Hoffman,  profeflbr  at  Altdorf,  were  of 
this  opinion.  Barchufen,  and  Bouldoc  the  father,  both 
in  the  laft  century,  were  the  firfl  who  afcertained  the 
nature  of  this  fait  to  be  acid.  Their  difcovery  has  been 
unanimoufly  received  by  fucceeding  chemifts  ;  who  have 
not  agreed,  however,  concerning  the  particular  nature 
of  that  acid.  Frederick  Hoffman,  becaufe  amber  Is 
found  in  Pruflia  under  ftrata  of  matters  among  which 
pyrites  are  copiouily  intermixed,  has  inferred  its  fait  to 
be  vitriolic  acid.  Neumann  appears  to  be  of  the  fame 
opinion.  Bourdelin,  in  the  Memoir  above  quoted,  re- 
ktcs  feveral  experiments,  by  which  he  fought  to  afcer* 
tain  the  nature  of  this  fait.  He  firfl  obferves,  that  the 
fait  of  amber,  extraded  by  diftillation,  however  white 
and  pure  it  may  appear,  always  contains  an  oily  matter; 
to  this  oily  fubftauce,  no  doubt,  it  owes  its  fmell,  and 
that  kind  of  combudibility  which  it  conftantly  exhibits 
when  caff  on  burning  coals.  He  attempted  by  varioui 
means  to  fcparate  chat  fubffance.  We  fliall  have  ccca« 
ilon  to  fee,  when  we  come  to  examine  the  nature  and 
properties  of  alkohol,  that  //  could  not  ferve  bis  purpofe. 
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He  foccecded  no  better  try  digefting  'ilxefd  alkali  ovet 
amber,' with  a  view  tofepantis  ffom  it  this  oily  matter; 
the  alkali  only  diflblvbd  a  little  of  tho  i>itiimen,  and 
aeqnh«d  a  JTaltifli  VutMtV  tafte,  lik^e  tbat  Offea^falh 
Laftly,  the  beft  means  which  Bourdelrn  could  find  for 
combihittg  ihe  acid  of  amber  entirely  pnrlHed  from  oil^ 
matters  widi  fixed  alkali,  v^af  to  detbitibre^r'Tmxlutc^, 
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confiding  of  two  parts  of  nitre,  wfth  dmr  of  the  brtoi- 
men.  The  refidiie,  after -this  detonation,- '%e  lixiviated 
with  diftilled  water.  The  likivinm  ^s  '6f  in  arn^&e^ 
colour !  it  produced,  in  the  folution  tif -fihrerf  a  wtetf 
curdled  precipitate ;  in  th(^  fohitibn  of  mercury,'  ipt6^ 
dpitate  of  the  i^me  colour.  It  decbriipofed,  in  like 
manner,  leveral  other  metallic  foIutidri6'V'lAt'  Sourde^ 
Iff!  cohfidered  only  thefe  two  precipitations'  as  conclu- 
five  h&M.  He  underftood  them  as  indicating  the  aeifl 
of  amber  to  be  the  fame  with  that  of  marine  fiilt ;  for 
thefe  phaenomena  are  precifely  the  fame  with  thofe  which 
the  acid  of  marine  fait  produces  in  the  nitric  folutions 
of  mercoiy  and  filver.  '  The  lixivium  of  the  refidue 
which  remained  after  the  detonation  of  amber  with  nitnr, 
being  evaporated  in  the  air,  afforded  a  mucilaginous 
matter,  in  the  middle  of  which  oblong  fquare,  cryftals 
were  by  degrees  depofited ;  which,  by  their  form,  their 
faltifli  tafte,  their  decrepitation  on  bdirning  coals,  adtl 
ItiU  nmre  their  eflfervefcence,  which  wais  confideribfe, 
and  the  fmell  of  muriatic  acid  which  e^^aled  froin 
them,  when  concentrated  fulphurio  acid' 'was  poured 
upon  them,  indicated,  in  his  opinibn,  that  they  conflfted 
of  muriatic  acidi  with  a  h^^U  of  nitre.  Notwithftancl- 
ing  this  ahalyfis,  which,  confidering  the  time  itfheK 
Bonrdelin  made  his  experiments,  is  very  a'cetirate, '  the 
VoL^  III.  N  chemid^ 
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phemifta  who  have  fince  examined  the  fait  of  ambe^ 
have  not  found  it  to  bear  any  refemblance  to.  tbe  mu^ 
fiatic  add.  Bergman,  who  feems  to  have  adopted  thi^ 
opinion,  gives  the  following  account  of  the  properti^ 
and  the  ele£live  affinities  of  this  fait.  The  fuccinic  aci  ^ 
pr  acid  of  amber,  extca&ed  .by  diftillation,  and  purifi.^ 
by  repeated  fplutions  apd  cryftallizations,  forms,  wicii 
potaih  and  ammoniac,  cryftallizable  and  deliquefceor 

Vieutral  falts.    With  fod^, .  it  affords  a  fait  which  does 

■'  ■  ■  ■••    •  ■    - •  I- 

][iqt -attra^  the  nK>ifture  of  the  s^tmofphere :  with  barytcs 
^d  lime,  Jt  forms  falts  that  are  fcarce  foluble :  with 
inagnefia,  a  thick  gum-like  matter.  It  diffolves  metal- 
lic oxides;  and  the  fuccinates  produced  by  thefe  fola* 
tions  are  moftly  cryfts^Uizable  and  permanent. 

Barytes,  lime,  and  magnefia,  according  to  hi]p,fe- 
parate  the  acid  of  amber  from  alkalis.  Barytes -decom- 
pofes  fuccinates  of  lime  and  magnefia  ;  and  lime-water 
precipitates  magnefia  from  its  combination  with  this 
acid 

The  chemical  properties  of  this  bitumen  have  been  np 
farther  examined.  We  know  not  even  how  the  acids 
would  ad  ypon  it.  Frederick  Hoffman  afHrms,  that  it 
may  be  entirely  diffolved  in  a  lixivium  of  cauftic  alkali, 
and  in  fulphuric  2(cid.  We  know,  too,  that  the  effential 
pil  of  amber  combines  with  cauftic  ammoniac,  and  forms 
with  it,  fiinply  by  mixture  and  fhaking,  a  fort  of  liquid 
foap,  of  a .  milk-white  colour,  and  of  a  yery  pungent 
fmell,  Iqiown  in  pharmacy  by  the  name  of  £js<  dt  lu(r 
pd  laftly,  thi$  fame  oil  is  known  to  diffolve  fulphur  by 
ihe  heat  of  a  fond-bath,  thus  compofing  a  medicinei 
pdMtdjfucciniftedbal/am  of  fulphur. 

Apiber  is  ufed  in  n^edicine  as  an  antifpafmodic :  it 

has 
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!ms  been  recommended  for  hyfteric  and  hypochondriac 
afeSy  a  fuppreifion  of  the  menfesj  gonorrhoea,  fluor 
ilbusy  &C.  It  is  made  ufe  of  after  being  walhed  with 
orarm  water,  and  levigated  to  a  fine  powder.  It  is 
ifed  in  fortifying  and  refolvent  fumigations,  by  throwing 
:be  powder  on  a  hot  brick,  and  direding  the  fmoke  to 
the  place  upon  which  you  wifii  it  to  a£L  The  volatile 
^irit  and  the  fait  of  amber  are  confidered  as  incifive, 
cordisd,  and  antifeptic ;  they  are  alfo  adminiftered  as 
powerful  diuretics.  Oil  of  amber  is  applied  both  ex- 
Qsrnaliy  and  internally  for  the  fame  purpofes  as  amber 
kfelf :  it  is  adminiftered  in  f mailer  dozes,  on  account  of 
its  acting  with  more  energy.  The  fuccinated  balfam  of 
fulphur  is  given  in  dozes  of  a  few  drops  in  certain  drinks, 
or  mixed  with  other  fybftances  in  pills,  and  is  fuccefs* 
ful  in  pituitous  afiedions,  or  defluxions  of  the  breaft  and 
kidneys,  &c  A  fyrup,  called  fyrup  of  amber^  is  made 
op  of  fpirit  of  amber  and  opium,  and  is  fuccefsfully 
ufed  as  a  calming,  an  anodyne,  and  an  antifpafmodic 
medicine.  Eau  de  luce  is  prepared  by  pouring  a  few 
ilrops  of  oil  of  amber  into  a  phial  full  of  cauftic  ammo- 
niac, and  Ihaking  the  mixture  till  it  take  a  niilk*white 
colour.  It  has  been  long,  ufed  in  fainting-fits  as  a 
powerful  ftimulant :  ijt  is  put  to  the  qoftrils,  and  it  then 
ftimnlates  the  nerves ;  and,  by  the  (heezing  which  it 
excites,  the  fluids  are  again  put  into  motion,  and  the 
patient*  f  e(k>red. 

The  moil  beautiful  pieces  of  amber  are  cut  and  po- 
lifhed  into  vefTels,  heads  o{  canes,  necklaces,  bracelets, 
fnuff-boxes,  &c.  But  this  fpecies  of  toys,  is  no  longer 
ralued  among  us,  iince  diamonds  and  cut  flones  have 
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been  known  and  brought  into  ufe.  They  arefent^Iiow*^ 
ever,  to  Perfia  and  Cbina*  and  to  other  foreign  ^oun^ 
tries,  where  they  are  ftill  valued  as  the  greateft  curio^ 
lities.  Wallerius  fay$,  that  the  mod  tranfparent  piece.  < 
inay  be  ufed  for  microfcopes,  buming-glafleSy  prilm^ 
&c.  It  is  affirmed,  that  the  late  King  of  Pruffia  w 
pbfiefled  of  an  amber  burning-glafs  a  foot  in  diameter 
and  that  in  the  cabinet  of  the  Duke  of  Tufcan 
there  is  a  column  of  amber  ten  feet  high,  and  of 
mod  beautiful  luftre.  Two  pieces  of  this  bitumiopu 
fttbftance  may  be  joined  together,  by  dipping  them  iai 
a  folution  of  potaib,  heating  them>  and  applying  them  t 
each  other. 
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Species  II.  Of  Afpbaliusi 


f^  Sl^HALTUS^  or  bitumen  of  Judea^  tailed  alfoyi/w^- 
Jlm.  ral  guniy  amber  of  Sodom,  mountain-pitch,  balm  of 
fnUmmies,  &c.  is  a  black  bituminous  fubftance,  ponder- 
ous, folid,  and  confiderably  brilliant*  It  breaks  eafily, 
and  its  frafture  is  vitreous.  A  thin  plate  of  tbb  bitu« 
metl'  appears  red  between  the  eye  and  the  light.  AfphaU 
tusy  when  cold,  has  no  fmell ;  when  rubbed,  it  emits  1 
faint  fmell.  It  is  found  on  the  waters  of  the  lake  AfphaU 
tires,  ot  the  Dead  Sea,  in  Judea,  near  which  ftood  th^ 
ancient  cities  of  ^odom  and  Gomorrha.  The  inhabit^ 
ants  of  the  adjacent  country,  finding  the  fmell  of  the 
bitumen,  which  gathers  on  the  waters  of  that  lake^ 
troublefome,  and  the  bitumen  itfelf  a  profitable  article 
of  comtnetce,  collect  and  expofe  it  to  fale«  Lemery^ 
in  his  Dlflionary  of  Drugs,  fays,  that  afphaltus  fweats 
like  liquid  pitch  out  oi  the  earth  covered  by  the  Dead 
Sea ;  and  rifing  above  the  waters,  is  there  condenfed  by 
the  heat  of  the  fun,  and  the  adion  of  a  fait  which 
abounds  in  thofe  waters.    It  is  alfo  found  on  many  lakes 

fn  China. 
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The  afphaltus  of  commerce,  M.  Valmont  dc  Bomafe 
tells  us,  is  obtained  from  the  ming^of  Daunemore,  and 
efpecially  in  the  principality  of  Neufchatel  ^d  WaU 
lengin.  According  to  that  naturalift,  it  is  of  two  co- 
lours, either  blackifh  or  greyifh.  Bui  fuch  afphaltus  i^ 
far  from  being  pure ;  it  feems  to  be  only  earth  harden- 
ed, and  intermixed  with  bitumen  which  has  penetrated 
through  it. 

Naturalifls  are  divided  concerning  the  origin  of  af- 
phaltus, as   well   as   concerning  the  other  bitumeas. 
Some  think  it  a  mineral  product,  formed  of  an  acid 
united  in  the  interior  parts  of  the  earth,  with  fome  fat 
matter.     Others  think  it  a  reilnous  vegetable  matter, 
that  has  been  buried  under  ground,  and  altered  by  mi- 
neral acids.     The  mod  general  and  probable  opinion  is, 
that  it  has  been  produced  in  the  fame  way  as  amberj^ 
and  is  a^ually  nothing  but  amber  altered  by  the  aftion 
of  fubterraneous  fire.     The  ground  of  this  opinion  is, 
that  amber,  when  melted  and  deprived  of  a  part  of  its 
oil,  becomes  black,  dry,  brittle,,  and  in  all  refpeds  lik< 
afphaltus.     But  it  can  be  finally  eftablifhed  only  by  a 
comparative  analyfis  of  this  reHdue  of  amber  and  afphal- 
tus.    Afphaltus  has  not  yet  been  examined  with  fuch 
exaf^nefs  as  will  allow  us  to  prefume  on  the  analogy 
between  them. 

Afphaltus,  when  expofed  to  fire,  becomes  liquid, 
fwells,  and  burns  with  a  thick  flame  and  fmoke;  the 
fmell  of  which  is  flrong,  acrid,  and  difagreeable.  By 
diftillation,  it  affords  a  coloured  oil,  like  brown  petro- 
leum, and  an  acid  phlegm. 

Afphaltus  is  ufed  by  the  Arabians  and  Indians  in  the 

fame 
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ame  way  as  pitch  for  coating  their  yeflels*  It  enters 
into  the  compofition  of  the  black  var&iflies  which  we 
ret  from  China,  and  of  thofi^  artificial  fires  which  bum 
ya  water.  The  Egyptians  uied  it  jbi  embaUning  dead 
xklies ;  but  it  was  .employed  for  that  purpofe  only  by 
the  poor,  who  could  not  afiord  to  purciiafe  dearer  anti- 
feptic  matters.  Wallerius  aflerts^  that  the  merchants 
prepare  a  fort  of  afphaltus  of  thick  pitch,  ot  by  mixing 
and  melting  pitch  -^th  afphaltus  from  Judea.  But  the 
fr?nd  may  be  deteded  by  means  of  alcohol,  which  en- 
tirely  diflblves  pitch,  but  produces  no  change  on  af- 
phaltus,  only  taking  itfelf  from  it  a  pale  yellow  co- 
lour. 
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JETy  in  Latm  gagas ^  called  by  Pliny  black  amber ^  by 
Strabo^  &c.  pangetis^  is  a  black  bituminous  fub- 
fiance,  compafi,  bard  like  fome  ftones^  brilliant  and 
vitreous  in  its  fradlure,  and  ftifceptible  of  a  fine  po- 
lifh.  After  being  rubbed  for  fome  time,  it  attrafU 
light  bodies,  and,  like  amber,  appears  to  be  elec- 
tric, k  has  no  fmell :  when  heated,  it  acquires  a 
fmeH  nearly  the  iame  with  that  of  the  bkomen  of 
Judea* 

Jet  is  found  in  France,  in  Provence,  and  in  the 
county  of  Foix.  There  is  alfo  a  quarry  of  it  iirfucb 
is  wrottgbl  at  Beleftat  in  the  Pyrenees.  It  is  found 
too  in  Sweden,  in  Germany,  and  in  Ireland.  The 
quarries  of  jet  are  in  ftrata;  they  likewife  contain 
pyrites  and  pit-coal,  and  moft  of  the  other  bitumens. 

This  bitumen,  when  expofed  to  a  ftrong  heat,  b^ 
comes  foft  smd  melts  ;  it  bums  with  a  foetid  odour.  By 
diftillation^  it  affords  oil  a&d  ad  acid  liquor*. 


M 


Of  Jet.  201 

Of  die  loreral  opinions  which  have  been  advanced 
icefning  die  fonnation  of  jet^  die  moft  probable  is 
Lt  vhich  reprefents  it  as  afphaltos  condenfed  and  har- 
led  by  lengdi  of  dme.  It  has  been  adopted  by  the 
med  Wallerius. 

Jet  is  ofed  for  monming  toys.  At  Wirtembcrg  it  is 
oug^t  into  bracelets,  buttons,  boxes,  &c« 
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Species  IV.  Of  Pit^oal. 


T^HE  name  of  fojftlcoaU  piUcoaU  Jione-coalj  lltban^ 
-^  traxj  Sec.  is  given  to  a  black  bituminous  matter^ 
foliated,  either  gliftering  or  dull,  brittle,  and  inferior 
in  conliftency  and  purity  to  the  bitumens  \trhich  we  have 
been  defcribing. 

This   bitumen  derives  its  name  from  its  combufti- 
bility,  and  the  ufe  to  which  it  is  in  many  countries  2^ 
plied.     It  is  found  in  the  interior  parts  of  the  earthy 
under  ftones  of  various  degrees  of  hardnefs,  and  under 
aluminous  and  pyritous  fchifli.     Thefe  fchifti  always 
bear  impreilions  of  vegetables  belonging  to   the  fern- 
tribe,  which  have  been  obferved  by  Bernard  de  Juf- 
fleu  to  be  moftly  exotics.     Pit-coal  is  fometimes  nearer 
to,  fometimes  more  remote  from,   the  furface  of  the 
earth.     Its  difpofition  is  always  in  horizontal  or  incli- 
ned layers  ;   oftenefl  in  inclined.     The  beds  or  ftrata 
which  it  compofes  differ  from  each  other  in  confiften- 
cy,  colour y  gravity,  &c.     Over  this  bitumen,  ftrata 
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of  foffil-fhells  aiid  madrepores,  varying  in  extent,  are 
often  obferved  ;  a  circumflance  which  has  led  fome  mo- 
derns, particularly  M.  Parmentier,  to  think  that  it  has 
been  formed  in  the  fea  by  the  depoiition  and  alteration 
of  the  oily  or  fat  matters  of  marine  animals.  Moft  na- 
turaliftis  think  it  the  refidue  of  wood  depofited  in  the 
ground,  and  altered  by  acids. 

Quarries  of  foffit-coal  are  wrought  like  mines  of  me- 
tal by  digging  into  them  pits  and  galleries,  and  hewing 
dovm  the  coal  with  a  fort  of  pick-axes.  The  colliers 
are  often  in  danger  of  lofing  their  lives  by  the  elaftic 
fluids  difengaged.  This  mephitis,  ivhich  they  call  cboak 
damp,  puts  out  their  lights,  and  feems  to  be  carbonic 
acid  gas*  There  likewife'gathers  in  thefe  mines  a  kind  of 
inflammable  gas,  the  effefts  of  which  are  very  noxious, 
and  which  fometimes  produces  very  dangerous  explo- 
fions. 

Foffil-coal  is  very  plentiful  in  nature.  It  is  found  in 
England,  Scotland,  Ireland,  Hainault,  the  territory  of 
Liege,  Sweden,  Bohemia,  Saxony,  &c.  3cveral  pro* 
vinces  of  France  afford  great  quantities,  particularly 
Burgundy,  the  diftrift  of  Lyons,  Forez,  Auvergne,  Nor- 
mandy, &c. 

.  Fofni-coal  is  diftingulflied  by  its  hardnefs,  or  friability 
into  flone-coal  or  earth-coal.  The  manner  of  its  burn- 
ing, and  the  phaenomena  which  it  exhibits  during  com- 
buftion,  afford  the  befl:  charafteriftics  for  diftinguifhing 
it  into  different  fpecies.  Wallcrius  arranges  fofSI-coals, 
coniidered  in  this  point  of  view,  under  three  fpecies.  1. 
The  fcaly  coal,  which  remains  black  after  combuflioUi, 
2.  The  compafl  foliated  coal,  which  affords,  after  being 
burnt,  a  fpongy  matter  like  fcorine.     3.  Fibrous  pit- 
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coal,  refemblidg  T^ood,  which  is  reduced  to  aihiCs  by 
combuflion* 

This  bitumen,  tvhen  heated  in  contad  with  a  bum* 
ing  body  and  air,  takes  fire  ;  tht  more  flotvly^  and  witli' 
the  greater  difficulty,  the  more  ponderous  and  comtntS 
it  is:  when  it  has  once  taken  fire,  it  diffufles  aiivel/ 
tailing  heat,  and  burns  long  befdre  being  confuted. 
It  may  be  quenched  and  burnt  agaii!,  for  a  uiimber  of 
times  fucceiTively.  The  inflammable  mMtef  cbbtaifiid 
in  it  appears  to  be  very  denfe,  and  in  it  manner  fixed  in 
fome  other  incombuftible  fubftance,  which  oppofesitt 
combuftion.  It  exhales  as  it  burns  a  peculiar  odcmr) 
which,  however,  is  no  way  fulphnreous,  if  the  coal  be 
very  ptire,  and  contain  no  pyritous  matter.  The  c6n« 
buftion  of  this  bitumen  feems  very  analogous  to  that  of 
organic  matters,  as  it  may  be  flopped  and  afterwards 
renewed.  The  mofl  volatile  part  of  the  oily  combuC* 
tible  matter  -contained  in  pit-coal  is  indeed  burnt  sind 
diflipated  when  it  is  firfl  expofed  to  the  aftion  of  heat ) 
and  if,  after  the  whole  of  that  principle  is  diflipated,  thd 
combuflion  be  flopped,  the  bitumen  retains  only  the 
mofl  fixed  and  the  leafl  inflammable  part  of  its  oil,  ia 
a  truly  carbonaceous  flate,  and  combined  with  an  cariliy 
bafe.  It  is  by  a  procefs  of  this  nature  that  the  Ijngliih 
prepare  their  coaks^  which  are  nothing  but  pit-coals  de- 
prived by  the  aftion  of  fire  of  the  fluid  part  of  their 
oil. 

We  may  eafily  obferve  what  happens  in  this  opera- 
tion,  by  heating  this  bitumen  in  clofe  veffels,  and  in  a 
fiiflillatoT^  apparatus.  It  affords  in  this  way  an  alkaline 
phlegns  concrete  ammoniacal  carbonate,  and  an  oif 
which,  a$  the  diflillation  proceeds,  takes  a  deeper  colonr, 

and 
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ind  becomes  more  ponderous.  There  pafles  at  the  fame 
dmealarge  quantity  of  an  elaftic  i0flammable  fluid, 
vhich  is  commonly  thought  to  be  oil  in  vapours,  but 
is  properly  hydrogenous  gas,  mixed  with  azotic  gas, 
vith  carbonaceous  matter  diflblved  in  it,  and  with  car- 
bonic  acid  gas.  There  remains  in  the  retort  a  fcorified 
oibonaceous  matter,  which  is  ftilt  fufceptible  of  <!om- 
Imftbo,  and  is  the  fame  with  the  Englifli  c^ak.  Obfer- 
viog  carefully  the  a£kion  of  fire  on  pure  pit-coal,  we 
percdve  the  eoal  to  be  firft  foftened,  and  in  a  manner 
Uf  melted.  Some  4>ecies  of  pit-coal  do  not  experience 
A&foflon,  or  rather  foftening,  from  the  aclionof  calorir.' 
Tliefe  fpecies  would  feem  to  contain  lefs  oil  than  thofd 
wittdi  foften  in  the  fire  :  but  the  laft  are  the  mod  fre« 
qneat,  and  ibe'beft  The  diftindion  of  the  pit-coal  into 
Cerent  kinds,  is  far  from  being  fo  exacl  as  it  will  be 
Bnide  hereafter.  M.  Faujas  has  thrown  fome  cev/  light 
9B  this  fubje^  lb  a  Diflenation,  publi(hed  by  him  a 
ew  oumths  fince,  on  pit-coal.  But  as  this  property 
^glit  render  it  unfuitable  for  the  melting  of  ores,  ii 
^uft  be  depriyed  of  it  before  it  be  applied  to  that  pur- 
^.  After  taking  from  it  the  principle  which  renders 
liable  to  (often,  that  is,  the  oil  which  it  contains  in 
^^at  abundance,  and  thus  reducing  it  to  a  ftate  nearly 
^  fame  with  that  of  vegetable  coal,  jt  then  becomes 
citable  for  the  fufion  of  ores.  Let  us  not  forget  to 
t^rerve,  that  the  ammonaic  which  pit-coal  affords  in 
^  coniiderable  quantity,  affords  an  argument  in  favour 
^  that  opinion  which  reprefents  this  bitumen  as  produ- 
^  fi'om  animal  matters ;  for,  as  we  (hall  hereafter  fee, 
odies  belonging  to  the  animal  kingdom  always  afford 
^*3  fait  when  diftillcd.  This  analyfisis  performed  in  the 

I  great 
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great  way  in  various  places  inEngland;  and  the  feveralpro? 
dufts  are  colleded  in  a  peculiar  diftillatory apparatus.  The 
oil  is  ufed  for  pitch ;  the  ammoniac  is  ufed  in  the  compofi- 
tionof  ammoniacal  muriate;  and  therefidue  is  a  very  good 
coak,  M.Faujas  de  Saint  Fond  has  imported  this  ufeful  art 
into  France;  and  the  trial$  which  he  basmadeinthe  king's 
garden  have  fucceeded  yery  wei^  in  the  fmall  way :  We 
have  as  yet  no  eftabUfhment  for  csirryipg.  it  on  \sx  the 
great  way  •. 

Pit-coal  is  highly  ufeful  in  countries  defticute  of  wood. 
It  is  ufed  as  a  combuftible  matter  ;  and  the  dangerous 
efifedts  which  have  been  afcribed  to^  it  are  qyite  imagina* 
ry.  The  fulphureous  vapour  which  it  has  been  faid 
to  diffufe  has  no  exigence ;  for  chemifts  have  univerlaL 
ly  found,  by  the  mod  exaft  analyfis,  th^t  pur^  mineral 
coal  contains  not  an  atom  of  fulphur,  ]From  this  we 
fee  the  ignorance  and  impofture  of  foiqe  people  who 
have  pretended  to  give  procelTes  for  purifying  coals  of 
fulphur.  Another  confideration  which  (hould  induce  us 
to  make  as  much  ufe  as  ppflible  of  coals  in  France  is, 
that  fuch  enormous  quantities  of  charcoal  are  confumed 
in  the  working  of  ores,  that  our  wood  is  likely,  to  fail 
one  day  or  another ;  it  is  efpeciaiiy  in  works  of  that  kind 
we  fliould  try  the  ufe  of  pit-coal,  as  the  £ngli(h  b^ve 
long  done.  It  is  already  beginning  to  be  ufed  in  various 
manufadories  among  us  ;  and  in  the  famous  founderies 
of  iron  at  Creufot,  near  Montcenis  in  Burgundy,  there 
is  a  great  inflance  of  its  appiicatipn  to  thefe  *purpofcS| 
highly  worthy  of  imitation. 

Purified 

*  The  Englifli  reader  will  here  recoiled  the  patriotic  ciertioni  of 
the  Earl  of  Dcndon»Id  to  eUablifh  works  of  this  kind  io  Britaio.    H« 
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Purified  pit-coal  is  nothing  bu|  that  which  has  been 
deprived  of  its  oil  by  the  a£lion  of  fire.     This  fort  of 
coal  bums  without  fmoke^  without  foftening,  and  with- 
out diflfufing  any  (Irong  fmell ;  in  a  word,  it  is  a  true 
coai  ;  and  is,  on  account  of  thefe  properties,  preferred  for 
fires  in  rooms.      :  :.    .    -^     . 

Another  inconvenience,  befide  the  copious  dark 
fmoke  proceeding  from  it,  which  attends  the  burning 
of  pit-coal,  is,  that  the  copious  and  rapid  ft  ream  of  air 
requifite  to  maintdn  it  in  combuftion,  carries  before  it, 
and  volatilizes,  a  part  of  the  afhes.  But  both  thefe  in- 
conveniences may  be  in  a  great  meafure  remedied  by  a 
judicious  conftrudion  of  chimneys ;  fo  that  the  current 
d  air,  and  whatever  matters  mix  with  it,  may  be  en- 
tirely  carried  up,  and  difcharged  in  the  a^,  and  no  part 

pf  it  returned  .and  difperfed  through  the  room. 

This  com]buftible  matter  will  in  France  be  applied 
with  moft  advantage  for  the  feiivioe.of  arts  and  manur 
b&uxe$  of  all  kinds  ;  in  coaieqtience  of  which,  wood 
Qtty  be  greatly  fayed  for  kitchen  and  room  fir^s,  and 
for  buildingt 
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nr^HE  name  of  fttroktuUj  or  oil  ofjlone^  bas  been  ^ 
JL  ven  to  a  liquid  bitumenous  fubfbAce  wbicb  i\ui» 
between  ftones  upon  beds  of  rocks,  or  in  vkiioos  pUctt 
on  the  furface  of  the  earth.  This  oil  is  'of  various  de^ 
grecs  of  levity,  fmell,  cbnfiftency,  and  ihflammabilitjf* 
Authors  take  notice  of  a  great  many  varieties  of  it.  Th^ 
light  eft,  the  moft  tranfparent,  and  the  moft  inflammable 
fetroleum^  they  have  diftinguiflied  by  the  name  of  napb^ 
iha.  Petroleum^  properly  fo  called,  is  a  liquid  bitument 
fomewhat  thick,  and  of  a  deep  brown  colour :  mineral 
pitch,  again,  is  a  black  bitumen,  thick,  fcarce  liquid, 
tenacious,  and  adhefive  to  the  fingers :  The  following 
varieties  have  been  d^cribed  by  Wallerius,  and  fevcral 
other  naturalifts. 

Varieties. 

1.  White  naphtha. 

2.  Red  naphtha. 


3*  Green  or  dark  naphtha. 

4.  Pctrolcvm  mixed  with  earth; 

5.  Petroleum  trickling  through  ftcmes. 

6.  Petroleum  fwimming  on  waters. 

7.  Mineral  pitchy  or  maltha. 

8«  Piflafphaltus.  It  is  of  a  middle  confiftency,  be- 
tween that  of  common  petroleum  and  that  of 
afjrfialtus,  or  bitumen  of  Judea. 

The  federal  forts  of  naphtha  are  found  in  Italy,  in  the 
dachy  of  Hodena,  and  on  Mount  Qiiaro,  about  twelve 
leagues  from  Placentta.  Kempfer,  in  his  Amamtates 
Ex^ica^  relates,  that  great  quantities  of  it  are  gathered  in 
tnany  places  in  Perfia.  Petroleum  runs  in  Sicily,  and 
in  many  places  of  Italy ;  in  France,  at  the  Tillage  of 
Gabian,  in  Languedoc ;  in  Alface,  at  Neufchatel  in 
Swttserlaod ;  in  Scotland,  &c.  Piflafphaltus  and  mi- 
^nl  pitch  were  formerly  obtained  from  Babylon,  in  the 
building  of  the  walls  of  which  they  had  been  employed  ; 
from  Ragufa  in  Greece,  and  from  the  pond  of  Samo* 
^  die  capital  of  Comagena  in  Syria.  It  is  at  prefent 
<4)tained  from  the  principality  of  Neufchatel  and  WaU 
icngin,  from  the  Well  de  la  Page,  a  league  from  Cler* 
Qiont-Ferrand  in  Auvergne,  and  from  various  other 
places. 

With  regard  to  thefe  fereral  varieties,  it  is  to  be  ob« 

(cTYcdj  that  they  feem  to  be  all  produced  from  one  com'* 

mon  origin,  and  to  be  but  different  modifications  of  the 

fame  fiibftance.    Mod  naturalifts  and  chemifts  afcribe 

the  formation  of  petrolea  to  the  decompofition  of  folid 

bitumens  by  the  a&ion  of  fubterraneous  fires.   Naphtha> 

m.        ^  O  they 
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they  obferve,  appears  to  be  the  light  oil  which  is  fir^ 
difengaged  by  fire :  that'  which  foHows  after  it,  haviim  j 
colour  and  confifteRcy,  forms  the  feveral  forts  of  petr^iD. 
leum ;  And,  hftly,  petrolea,  united  with  earthy  ful>. 
ftances,  or  altered  by  acids,  acquire  the  eharaidleriftLej 
of  mineral  pitch,  or  piflfafphaltus.    The  phaenomena  of 
the  (fillillatioiv  of  amber  favour  this  opinion  :  It  affordf 
a£hially  a  fort  of  naphtha,  and  a  petroleum  too,  of  a 
higher  or  a  lighter  brown  colour,  according  to  the  de* 
gree  of  heat  employed,  and  the  length  of  time  fpent  in 
the  operation,     i.aflly,  They  oblerve,  that  nstture  often 
affords  all  the  different  forts  of  petroleum  in  the  lame 
place,  from  the  Kghteft;  naphtha  to  mineral  pitch.    Sudi 
are  the  fluid   bitumens  from   Mount   Feftin,  in  the 
duchy    of  Modena.      Although  this  opinion  be  verf 
probable,  yet  other   authors  think  petroleum  an  oily 
mineral  combination,  formed  by  the  fulphurie  acid  with 
fome  iat  matters.     But  even  fach  a  combination  muft 
ftill  be  allowed  to  originate  from  organic  beings ;  as  iat 
matters  are  always  formed  by  thofe  beings. 

The  chemical  properties  of  petroleum  have  not  yet 
been  examined.     We  know  only,  that  napbiha  is  very 
volatile,  and  fo  comKiftible,  that  it  takes   fire  whea 
brought  near  any  burning  body  ;  it  even  appears  by  its 
volatility  to  attrafl:  the  flame.     From  brown  petroleum 
there  is  obtained  an  acid  phlegm,  and  an  oil  which  at 
the  firil  refembles  naphtha,  but  acquires  a  colour  as  the 
diflillation  proceeds.     There  remains  in  the  retort  a 
tlrick  matter  like  piflafphaltus,  which  by  greater  a&i* 
vity  of  fire  may  be  rendered  dry  and  brittle  like  afphat 
tus,  and  entirely  reduced  to  a  carbonaceous  (late.    Al- 
kalis fcarce  acl  upon  petroleum :  the  fulphuric  acid  co- 
lours 
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nd  thickens  It ;  the  nitric  acid  kindles  it,  in  the 
lanner  as  eflential  oils  :  it  eafily  diflblves  fulphur ; 
loured  by  metallic  oxides  ;  and  it  combines  with 

and  with  the  help  of  heat  foftens  and  diflblves  a 
Fit. 

fereral  kinds  of  petroleum  are  ufed  for  various 
» in  the  countries  in  which  they  abound.  Kemp* 
g  us»  they  are  ufed  in  Perfia,  to  give  light,  and 
b  lamps  with  wicks.  They  may  alfo  be  ufed  for 
>n  fires.  Lehman  fays,  that  for  this  end  the 
a  is  poured  on  a  few  handfuls  of  earth,  and 
1  with  paper  ;  it  takes  fire,  and  burns  with  great 
fy  but  diffufes  a  fmoke  in  great  abundance,  which 
to  all  bodies  that  come  in  its  way,  and  has  a  very 
«able  fmelL  Petroleum  is  likewile  thought  to 
part  of  the  Greek  fire,  lliick  petroleum  makes 
very  folid  and  durable  mortar.  By  the  decodioa 
afphaltus  with  water^  an  oil  is  obtained,  which  is 
)r  pitching  veflels. 

ly.  Some  phyficians  have  defcribed  petroleum 
iiccefs  in  diforders  affeding  the  mufdes^  Fj^^f^ 
efs,  &c.  by  rubbing  the  (kin  with  it»  or  expoliAg 
Ls  fmoke.  Vanhelmont  thought  fridion  with  pe« 
n,  an  excellent  cure  for  frozen  limbs,  and  re- 
snds  it  as  a  good  prefervative  againft  the  eScds 
L 
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Vf'EGETAfiLES  arc  organised  beings,  confined  w 
the  fiirface  of  the  earth,  without  fenfifiility  or 
power  of  motion.  They  are  known  by  their  appearance, 
and  the  conformation  of  their  parts.  They  arc  diftin- 
guijhed  from  minerals,  by  receiving  their  nourilbmelit 
internally,  and  elaborating  the  juices  to  which  they 
owe  their  growth.  They  difplay  to  our  obfervatioa 
phsenomena  which  depend  on  their  organization,  and 
are  cMed  fundions  ;  the  chief  of  thefe  is  that  of  rcprodu* 
cing  themfelves  by  feeds,  or  ova,  like  animals. 

Vegetables  diflfer  from  one  another,  i.  In  fizej  they 

are  divided  into  trees,  ihrubs,  herbs,  moflcs,  &c.    2.  b 

local' 
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local  fituation ;  iovat  grow  in  dry  grounds,  others  thrive 
in  a  moid  foil ;  fome,  again,  in  fand,  clay,  water,  oa 
the  furfaces  of  ftones,  or  on  other  vegetables,  &c.  3.  In 
fmell,  ta(le,  colour,  &c.  4-  In  duration }  plants  either 
live  for  a  number  of  years,  or  only  fqr  one  year,  or  are 
produced  and  die  twice  a-year,  &c.  5.  In  the.ufes  to 
which  they  are  applicable ;  they  are  ufed  .  either  as  ali* 
ments,  or  as  medicines.  A  great  many  of  them^are.snadc 
ufe  of  in  the  arts,  for  dyeing,  &c.  pther4^  for  adorning 
gardens,  &c. 

Vegetables,  confidered  with  refpeft  to. ^e  external 
coi^ormation  of  their  parts,  confifl  of.  iiK  parts  or  or- 
gans, dedined  each  to  a  peculiar  fun^n  :  thefe  p»rt$ 
are  theioot,  ^he  ftem,  tfie  leaf,  thp.floy^e;^,  :|he.  fruity 
and  the  feed.  Thefe,  again,  differ  indifferent  plants,  in 
form,  contexture,  bulk,  number,  colour,  haidoef^,  X;ifte, 

Sec.  .  ,    .. 

1.  The  root  is  concealed  in  the  ground,  in  water,  ox 

[n  the  bark  of  fome  other  vegetable.    It  is  either  tube- 

•  # 

rous,  or  fibrous,  or  bulbous^  Its  direction  is  either  per- 
pendicular or  .horizontal.     !3oth  its  form  and  confid- 

•       -'■■'  • 

ency  are  fubjed  to  great  varieties.  Botanifts  divide  the 
roots  of  plants  into  many  fpecies ;  which  diftindioni 
they  fometimes  make  ufe  of  to  det^rinine  the  fpecific 
charaders  of  the  plants  themfelves, 

2.  The  ftem  proceeds  from  the  root,  and  fupport; 
thf  other  parts  of  the  plant.  It  Is  either  folid  or  hol- 
low, ligneous  or  herbaceous,  round,  fquare,  triangular, 
3r  with  two  very  aci|te  angles,  &c.  The  ftem  confifts 
:)f  wood  and  bark.  The  wood  is  diftinguiihed  into 
i¥Ood  properly  fo  called,  and  fap : .  the  bark  confifts  of 
the  epidermis,  the  v^ficulaf  part  p.r  pulp,  and  the  cor- 

O  3  txc^V 
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tical  ftrata  or  inner  rind.  The  ftem  divides  into  brancbw, 
the  ftrufture  of  nrhich  is  precifely  the  fame  with  its 
ftTufture/  This  part,  too,  is  liable  to  fuch  diverfitics 
as  enable  botanifls  to  eftablifh  upon  it  the  difUnflive 
characters  of  fpecies,  and  ftill  oftener  of  varieties. 

3.  The  leaves  of  vegetables  arc  extremely  various: 
A,  in  form ;  they  are  oval,  round,  linear,"  fagittated, 
Itafiate,  oblong*,  elliptical,  cuneiform,  &c. :  B.  in  their 
pofition  on  the  ftem  ;  they  are  feffile,  petiolafe,  oppofite, 
alternate,  ftellate,  perfoliate,  vaginal,  &c. :  <I.  in  their 
margins ;  they  are  uniform,  dentate,  crenate,  ferrate, 
*repand,  undulated,  laciniated,-  truncated:  D.  in  fimpfi- 

■   r 

city  or  comp'ofition  *;  compound  leaves  are  formed  by 
the  infertion  of  foliolae,  or  fmaller  leaves;  they  are 
then  either  digitate  or  conjugate,  with  either  an  erea 
or  -an  odd  number  of  leaves  :  £.  in  place  or  fituation ; 
they  are  radical,  cauline^or  floral :  F.  in  colour,  fmell, 
tafte,  confiftency,  &c. ;  they  feem  defigned  to  abforb 
elaltic  fluids  from  the  atniofphere,  and  to  pour  others 
into  it,  according  to  circuiuflances. 

4.  The  flowers  are  thofe  parts' which 'Nature  has  d^ 
figned  to  contain  the  organs  of  generation,  and  to  pr^ 
ferve  them  from  injury  till  the  :<icundation  be  accom^ 
plifhed  ;  at  which  lime  they  fall  off.  A  flower  con- 
fills  of  two  parts ;  the  exterior,  defigned  to  cover  and 
prbteft  the  inferior  ;  the  ufe  of  which  is  to  re-produce 
"the*  plant.  The  former  comprehends  the  calix  and 
the  corolla ;  the  calix  is  exterior,  and  of  a  green  co- 
lour. 

Linnaeus  divides  the  calices  of  plants  into  feven  fpe* 
cies  ;  namely,  the  perianthium,  the  fpartha  or  death, 
the  hulk,  the  involucrum,  the  amentum  or  catkin,  the 

calyptra 
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^yptra  or  veil,  and  the  yolva.  The  corolla  is  the  co- 
loured parr,  commonljr  called  Khe  flower  r-it  'is  either  k 
fingle*  piece,  and  monopetalous  ;  or  confiding  of  feveral 
pieces,  polypetalons.  ToQtne/brt*s  fyftem  is  founded 
on  the  corolla,  llie  pieces  of  the  cbrolta  are  called 
petals.  The  organs  inclofed,  and  often''  entirely  con* 
cealed  in  the  Corolla,  are  the  flaitiina  2ttul-'{>iftils  'Or- 
ftyles.  The  ftamina  are  th^male  or  fecuiiddtiftg  |)afts  ; 
»id  are  almoft  always  more  numerous  than  the  piftits.- 
They  coniift  of  the  filament  and  <he  antheta.  Tber  an-: 
Aera,  placed  at  the  extteblity^'df  the  filament^  is  afmall 
bag,  contaittiag  fecundating  powder,  ^he  pilHl'ftaikk 
m  the  middle  of<  the  (lamina^;  it  is  fcHnedniei  cittaAV 
ilitr  flowA',-OT  e^en  on  atothfir  plant :  thU  ci^MmftatDoe 
has  i:aufed  {6>ak  '^anti  t<)  be-  difliftg^iftied  rintaD  :inaltf 
and  female.  The  piflit'ctifififts  of  three  parts  \  the  in**' 
ferior  part^  or  ovarium,  which  contains  the  embryo; 
and  is  called  in  Latin  j^^n^n  ;  the  filaiii]&ntr.^wfaich  riTe^ 
out  oftbeoraHlim,  or  %te;  and  its  extreniity,  which 
is  more  or  4efi^  dilated,  and  is-  zMcAJUgma.  The  fexuat 
iyftem  of  Linnaeus  is  founded  'on  tHe  number,  andlbe 
relative  pofitioiis^of  the  (tamina,  and  the*  pifUls.  IVL  de 
Jdffieu  has  formed'  a  fyftern^  from  the  infertion  o£the 
itamina,  above  or  under  the  gsermen,  &c    '  '  :     . 

5.  Flowers '  lare  fucceed&d  by  fruits.  Botanifts  -'di& 
dnguilh  frnits  inta  (even  fpecies  ;  the^ .  capfule  $  j  the 
filiqua ;  the  legnm^n  ;  the .  confeptacuiinii,  whkfar  beV 
comes  dry  ;-  iruits  having  iaemels';  fruits  having  pippins 
and  berries^  which  remaiia  fucculent.  The  purpofe  of 
ibefe  organs  is  to  inclofe  ^e  feeds,  and  to  prote&  them 
from  fufiering  by  the  adion  of  external  bodief.         *  ii 
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6,  The  feeds  of  plants  differ  greatly  in  form,  loagni*  ^ 
tude,  appendices,  &c.     The  feed  contains  the  plumula,^ 
or  fmall  plant,  the  radicula,  and  the  cotyledons.    llierQ 
are  two  of  tbefe  latter  m  moft  vegetables }  yet  inan)^ 
families  of  plants  have  but  one  cotyledon.    This  part  i« 
to  the  grain,  what  the  yellow  and  white  of  an  egg  ar« 
to  the  embryo  bird ;  it  contains  a  fubftance  intended  far 
putriment  to  the  young  plant  during  the  geftninatioa 
Befides^  the  cotyledon^  of  nuiny  feedsf  contain  fleihy  and 
farinaceous  bodies,  &c. 

Veg^t^tbles^  confident, as  ^Q  their  internal  ftru^ure, 
contain  five  fpedes  of  veffels,  ox  :  organs,  which  ezift 
through  ikU  their  parts,  i.  The  coiQiAan  veffcis  which 
convey  the  iap.  Thefe  are  placed  in  the  iiii4dle  d 
plants  and  trees}  they  rife  perpendicularly,  but  bend 
latvrally^  fo  as  to  form  fmall  vacancies  between  diem* 
2.  The  peduliar  yeifels  which  fecrete  ai^d  cpnyey  the 
juices  peculiar  to  each  vegetable,  oils,  refifis,  gums,  &c. 
Thefe  are  placed  under  the  bark;  they  ^tt  pftep  dilated 
into  cavities,  or  refervoirs  ;  they  feem  to  |}e  excretory 
du£ts.  3*  The  tracheae,  through  which  the  air  that  ve« 
getables  take  in  from  the  atmofphere,  circulates.  When 
a  young  and  green  branch  is  broken,  thefe  may  be  ob- 
ferved,  and  known  from  their  fpiral  form,  refembling  i^ 
cork-fcrew.  They  are  often  full  of  fap.  4.  The  utricles^ 
which  are  formed  of  fmall  bags,  containing  the  pitb,an4 
frequently  colouring  matter.  They  are  placed  in  the 
middle  of  the  ftem.  5.  llie  veiicular  tiffue,  exhibiting 
a  feries  of  fmall  cells,  leading  horizontally  from  the  pith^ 
croffing  the  fap-vefiels,  filling  up  the  vacuities  among 
them,  and  fpreading  over  the  epidermis,  "tf^hete  they  form 
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E  foft  covering  like  the  (kins  of  animals.  The  veficular 
tiflue  of  vegetables  feenis  to  correfpond  to  the  cellular 
membrane  of  animals. 

All  parts  of  vegetables  confift  of  an  aiTemblage  of 
tbefe  five  kinds  of  vefTels  ;  which  are,  each  of  them, 
more  or  few^er  in  ntmiber,  dihted,  contra£ted,  &c.  On 
this  diveriity,  in  point  of  number  and  difpofition,  depend 
the  differences  in  the  form  and  texture  of  the  roots, 
ftems,  leaves^  8lc*  of  plants. 

Malphigi,  Grew,  and  Duhamel,  are  the  three  natu- 
ralifts  who  have  ftudied  the  anatomy  of  vegetables 
with  the  greateft  fuccefs ;  and  their  works  will  be  con- 
fulted  with  the  greateft  advantage,  concerning  the  in- 
ternal  ftru£tare  of  the  feveral  parts  of  vegetable  bo- 
dies. 
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ALL  thefe  organs  of  vegetables,  of  which  we  ht?c 
given  the  above  brief  account,  are  deiigned  for 
the  performance  of  the  various  motions  c^WtA  funilm^ 
Thefe  funfiions  are, 

1  •  The  motion  of  the  fluids,  which  is  a  fort  of  circu- 
lation. 

3.  The  alterations  or  changes  produced  on  thofe  fluids, 
which  are  effeded  in  their  fecretion. 

3.  The  growth  of  the  vegetable,  and  the  dcvelopcmcnt 
of  its  parts  by  nutrition. 

4.  The  exhalation  of  the  feveral  fluids  elaborated 
by  the  organs  of  vegetables,  and  the  receiving  of  fe- 
veral principles  from  the  atmofphere  by  the  fame  or- 
gans. 

5*  The  action  of  air,  and  the  employment  of  that  fluid 
in  the  veflels  of  vegetables. 
6.  The  motion  performed  by  fome  of  their  parts. 

7- 
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*  7.  That  fort  of  fenfibility  by  which  they  court  the 
contaft  of  bodies  that  may  be  iifeful  to  them,  fuch  as 
h'ght,  &c. 

8.  Laftly,  The  federal  phsenomcna,  by  which  plants 
are  generated,  andfpecies  reproduced.  Let  us  confider 
each  of  thefe  funSions  more  particularly. 

The  principal  fluid  in  vegetables,  which  is  called  the 
fap^  is  contained  in  certain  dufts,  which  are  known  by 
the  name  of  common  vejfeh.  Thefe  veflels,  fituated  in 
the  centre  of  the  ftem,  and  under  the  bark,  extend 
from'the  root  all  the  wiy  to  the  leares  andJowers^  The 
lap  which  they  convey  is  a  colodrlefs  ftaid^  more  6t  Icfs 
infipid  in  faftc,  and  intended,  like  thcfblood  of  animals,  to 
be  feparated  into  differfent  jtrices,  for  the  hobrilhment  and 
fuftenance  of  the  various  organs.  In  fpring  it  flows  very 
copioufly,  cauGng  the  plant  to  difplay  leaves  and  flowers. 
By  applying  ligatures^  and  by  all  the  phscnomen a  of  ve- 
getation,  it  has  becti  proved,  we  thiri  in  a  fatiSfaftoty 
manner,  that  the  fap  afcends*  from '  the  root  through 
the  ftem  and  the  branches.  We!  Ire  riot  fo  certain 
ivhether  it  be  true,  as  fome  naturalifts  have  thought, 
that  It  defcends  again  towards  the  root.  -■  The  exiftence 
of'  thofe  valves,  which  fome  boianift's  have  reprefented 
as  belonging  to  the  commoh  veliek  of  plants j  has  not 
been  demonftrated ;  not  at  leafl  unlefs  we  give  the 
name'to  certain  filaments  or  hairs  with  which  Tourne- 
fert  and  Duhamfel  have  obferved -their-  interior  fides  to 
'be  lined.  There  is  a  vaft  diflPercnce  bet\teen  ihis  irre- 
gular motion  and  the  circulation  -of  the  fluids  in  animals. 

The  fap  being  conveyed  into  the  titricks,  and  thence 
into  the  proper  veflels,  is  there  elaborated  in  a  peculiar 
manner.  By  this  elaboration  it  is  wrought  into  diflferent 
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fluids,  faccharine,  oily,  mucilaginous,  which  are  dit 
charged  by  an  organic  excretion  j  and  of  which  the 
evacuation  feems  to  be  an  advantage  to  the  vegetable, 
as  it  does  not  appear  to  fuffer  even  from  a  confiderable 
lofs  of  thefe  matters.  This  alteration  of  the  fluids,  wUch 
may  be  diflindly  obferved  as  it  takes  place  in  feveral  of 
the  organs,  in  the  nedarium,  for  inflance,  at  the  extre- 
mity of  the  piflil,  in  the  pulp  of  fruits,  at  the  bafe  of 
the  calices^  and  of  many  of  the  leaves,  is  entirely  effefi- 
ed  by  a  fundtion  fimilar  to  that  which  in  animals  bean 
the  name  oi  fecreiion.  Guettard  has  carried  this  analo- 
gy fo,  far  as  to  defcribe  glands  of  various  form$,  at  the 
bafes  of  the  leaves  of  fruit-trees,  and  towards  the  inoer 
extremity  of  the  petals  of  certain  flowers.  This  fecre- 
tion  feparates  the  odorous  principle,  the  colouring  mat- 
ter, the  combuftible  fubflance,  &c. ;  but  it  diflfers  from 
animal  fcCfetion,  as  animal  fecretion  i$  entirely  owing 
to  the  organization  of  the  glands  whiich  elaborate  the 
animal  fluids  :  whereas  in  vegetables,  th^  juices  convey- 
ed through  the  common  veflels,  are  in  the  proper  veflels 
more  expofed  to  the  contafb  of  air  and  light,  and  the 
adion  of  heat ;  and  their  fituation  renders  them  liable 
to  pafs,  by  the  operation  of  thefe  agents,  through  a  pn> 
cefs  of  fermentation,  by  which  only  tl^ey  c^n  be  al« 
tered. 

The  fap  in  the  cavities  of  the  utricles  and  the  veficUf 
lar  tiflTuc,  becomes  thick,  and  acquires  more  or  lefs  con? 
fifliency.  In  confequence  of  this  alteration,  it  adheres  tQ 
the  fides  of  the  fibres,  and  incorporates  with  them  gra- 
dually, fo  as  to  increafe  their  dimenfions.  Such  is  the 
mechanifm  by  which  vegetables  are  nouriflied  and  grow, 
and  unfold  their  parts.     It  bears  a  gr^at  refemblance  to 
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the  nutrition  of  animals.  The  veficular  tifliie  of  vege- 
tableSy  and  the  cellular  membrane  of  animals,  are  form- 
ed  vith  a  fimilar  (Irufture,  and  intended  to  ferve  fimi" 
lar  purpofes.  They  pafs  in  the  fame  manner  through 
all  the  organs  of  the  bodies  to  which  they  refpe^vety 
belong;  they  eftabliffi  a  direft  communication  among 
diefe  organs  ;  and  both  may  be  faid  to  be  the  feats  of 
autrition. 

Fhilofophicil  botanifts  have  long  been  couTinced,  that 
plants  ezhsde  effluvia,  from  their  furfaces,  which  are  dif<- 
fttfed  through  the  air.  The  odorate  fpirit  of  leaves  and 
flowers  forms  round  vegetables,  an  atmofphere  which  af- 
feds  the  fenfes  in  a  lively  manner ;  and  whicb^  as  has 
been  obferved  with  regard  to  the  fraxinella,  the  contad 
of  a  burning  body  will  fometimes  fet  on  fire.  This 
effluvia  appears  to  be  an  inflammable  gas  of  a  peculiar 
nature.  Mankind  have  alio  learned  from  fatal  expe- 
rience,  that  fome  vegetables  exhale  vapours,  noxious 
to  foch  animals  as  approach  them.  The  walnut,  the 
yew,  and  many  other  trees,  natives  of  warm  cUmaces, 
are  of  this  kind* 

M.  Ingenhoufz  has  dlfcovered  by  experiment,  that 
die  leaves  of  all  plants,  when  expofed  to  the  fun  and  to 
light,  pour  into  the  atmofphere  an  invifible  fluid,  which 
is  vital  air  of  the  fame  qualities  with  that  obtained  from 
oxide  of  manganefe,  mercury,  &c.  But  in  the  (hade 
they  no  longer  exert  fuch  a  property  ;  in  (lead  of  vital 
air,  they  give  out  carbonic  acid  gas,  when  deprived  of 
die  contad  of  light.  This  valuable  difcovery^  which 
vas  firft  communicated  to  the  world  by  Dr  Prieftley, 
fiiows  vegetables  to  poflefs  a  property  that  was  tlot  be- 
fore attributed  to  tbem>  and  to  be  capable  of  purifying 

and 
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and  renovating  the  air,  by  pouring  into  it  a  portion  of 
that  vivifying  fluid  which  is  conftantly  confumed  by 
combudion^  refpiration,  S^.^  But  if  vegetables  are  con- 
tinually diffuiing  vaporous  fluids  through  the  atmofpherci 
produced  by  the  lad:  procelTes  of  vegetation  ;  they  like- 
wife  abforb  feveral  of  the  principles  of  the  atmofphere. 
The  experiments  of  Bonnet  fhow,  .that  the  under  fur- 
face  of  the  leaves  abforbs  moifture  from  the  dew.  Dr 
Prieftley  ha^  proved,  by  his  refearches,  that  vegetables 
abforb  the'gazeous  refidues  of  combuition  and  refpir^ 
tion  ;  for  vegetation  is  more  fpeedy  and  vigorous  in  air 
altered  by  thefe  pharnomena.  Exhalation  and  inhalation 
are  therefore  much  more  confiderable  and  important 
phenomena  of  the  vegetable  kingdom,  than  they  were 
known  to  be  before  the  modern  difcoveries«  It  even 
appears,  that  the  water  abforbed  by  the  under  part  of 
the  leaves  is  decompofed  by  their  organs,  its  hydroge* 
nous  gas  abforbed,  and  its  oxigene  converted  into  the 
vital  air  which  is  difengaged  from  the  upper  furfaces  of 
the  leaves.  The  rays  of  the  fun  contribute  greatly  to 
this  decompofition ;  for  it  does  not  take  place  in  the 
Ihade.  The  water  being  then  not  decompofed,  but  abforb- 
ed entire,  renders  the  plants  white,  infipid,  foft,  and  in 
a  word  atiolalcd ;  and  in  fuch  cafes,  much  lefs  colour- 
ing, combuftible,  or  oily  matter,  is  formed,  than  when 
the  plant  is  expofed  to  the  aftion  of  light. 

'ihe  gafes  abforbed  by  vegetables  arc  conveyed 
through  all  their  organs  by  veflels  known  under  die 
name  of  trachea^  which  in  their  ufe  and  ftrudure  bear  a 
refemblance  to  thofe  of  infers  and  worms.  But  the 
convepnce  of  this  fluid  is  not  the  only  purpofe  for  which 
th^fe  tracheae  ye  intended.    They  are  obferved  to  be 

filled 
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illed  With  lap  in  the  feafoa  when  that  fluid  flows  in 
preateft  abundance ;  a  circumftance  which  diflinguiflics 
hem  widely  from  thofe  organs  of  refpiration  which  be- 
ong  to  fo  great  a  number  of  animals,  and  are  fo  eflen- 
ially  necefiary*  From  the  theory  of  refpiration  which 
ne,  have  laid  down  in  the  bUlory  of  air,  it  is  eafy  to  ex- 
;>lain  why  vegetables  poflefs  not  free  heat  in  a  degree  of 
temperature  fuperior  to  that  of  the  atmofphere. 

Several  parts  of  vegetables  have,  no  doubt,  an  inter- 
nal principle  of  motion.  In  fome  plants  this  motion  is 
fo  confiderable  as  to  be  obfervable  by  the  eye.  Such 
is  the  motion  of  the  fenfitive  plant,  of  tl/e  ftamina  of  the 
Indian  fig,  of  pellitory,  &c.  This  motion  feems  to  cor- 
respond to  that  fundion  of  animal  organs  which  is  call- 
ed irritability ;  for  it  is  effeded  by  the  adion  of  a  ili- 
mulus,  and  by  peculiar  organs,  which  are  by  fome  bo- 
tanifts  compared  to  the  mufcular  fibres. 

Can  we  deny  plants  to  poflefs  a  fort  of  fenfibility,  when 
we  fee  them  turn  their  leaves  and  flowers  towards  the 
fun ;  when  we  obferve,  that,  if  enclofed  in  boxes  of 
wood,  with  glafs  on  one  fide,  or  perforated  with  an  open 
hole,  or  fimply  thinner  on  that  fide  than  on  the  other, 
they  conflantly  turn  towards  the  tranfparent  body,  or 
the  aperture  through  which  light  is  permitted  to  enter, 
or  the  fide  which,  being  thinner,  is  nearer  to  that  fluid 
than  the  other  I  Or,  is  this  appearance  of  fenfibility  ra- 
ther  to  be  confidered  as  an  eflcd  of  the  power  of  affinity, 
of  the  tendency  of  vegetables  to  combine  with  light  ?  It 
has  been  fully  proved,  that,  either  by  percuflion  or  com- 
bination, this  fubdance  produces  in  plants  the  proper- 
ties of  colour,  tade,  and  combudibility ;  in  the  fliade, 
even  the  tailed  plants  are  white,  infipid-  aqueous,  and 

deflicute 
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deftitute  of  any  inflammable  principk :  but,  again,  v^s^ 
getables  expofed  to  the  rays  of  the  fun,  in  the  torrid  d^ 
mates  of  the  foutb,  are  very  high  coloured,  contain  bl^. 
ter  and  refmous  parts,  and  are  very  combuftlble.    How*., 
ever  flrong  this  aiBnity  be  albwed  to  be,  yet  it  is  havtf 
to  imagine  how  it  could  excite  fuch  a  motion  in  the 
branches  and  leaves  of  vegetables*    We  muft  therefore 
grant  them  a  peculiar  fenfation,  a  fort  of  feeling  wtrj 
different  indeed  from  that  of  animals,  by  vAnch  they 
are  enabled  to  diftinguifh  and  prefer  fuch  fituations  as 
are  mod  expofed  to  the  light. 

The  methods  which  nature  ufes  for  die  reprodudioa 
of  fpecies  of  vegetables  are  (Irongly  analogous  to  thofeby 
which  the  generations  of  animals  are  perpetuated.    The 
greatefl  number  of  the  fpecies  of  plants  are  propagated  by 
fexual  coition.     The  labours  of  the  celebrated  Linnaens 
have  difcovered  a  ftriking  refemblance  between  the  or* 
gans  defigned  for  this  purpofe  in  thefe  two  clafles  of  or* 
ganic  beings.     The  (lamina  of  plants  correfpond  to  the 
genital  parts  of  male  animals,  and  the  piftils  confift  o£ 
three  parts,  which  bear  an  equal  refemblance  to  the  fame 
organs  of  female  animals.     Tlie  embryo  is  developed  by 
the  aftion  of  the  fecundating  powder,  without  which  a 
new  individual  could  not  be  produced  from  it ;  agree- 
ably to  what  is  daily  obferved  of  birds.   But  bcfides  this 
analogy,  which  it  would  be  ncedlefs  to  trace  farther,  as 
vegetables   are  of  a  much  fimpler  flrufture  than  ani- 
mals, and  their  parts  confift  all  of  the  fame  organs,  any 
of  them  is  capable  of  producing  a  new  individual  fimi- 
lar  to  that  which  it  belonged.     This  is  the  reafon  of  the 
rcproduftion  of  plants  by  means  of  fcions  or  flips,  as 
1  weW 
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well  as  of  the  alteration  of  their  fluids  by  grafting, 
whether  natural  or  artificial    Here,  therefore,  is  ano- 
ther analogy  between  vegetables  and  that  clafs  of  ani- 
mals which  are  reproduced  by  divifion  into  pieces,  a$ 
polypi,  cruftaceous  infeds^  certain  worms,  &c. 

Ait  thefe  fiindions  of  vegetables,  which  bear  fo  ftri- 

king  an  analogy  to  thofe  of  animals,  are  liable  to  altera* 

tions,  by  which  the  vegetable  is  brought  into  a  difeafed 

Aate.    Thefe  difeafes  to  which  plants  are  liable,  depend 

commonly  either  on  fuperfluity  or  defeat  of  fap,  as  well 

^  on  the  bad  qualities  which  the  fap  may  happen  to 

^uire ;  and  they  bear,  therefore,  no  fmall  refemblanc^ 

to  thofe  with  which  animals  are  affe&ed.    Their  caufes, 

fymptoms,  and  cure,  come  under  the  general  principles 

of  tDcdidne ;  and  form  a  branch  of  agricultural  know- 

^ge,  in  which,  it  mud  be  confefTed,  little  progtefs  lias 

yet  been  made ;  but  which  may  be  greatly  advanced  hf 

following  the  direiE^ions  of  fome  cclebr^d   modeni 

vt^iters  on  the  fubjed. 
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CHAP.     in. 


Of  Juices  and  Extra£lsn 


THE  fluids  contained  in  vegetables  are  of  two  kiadi, 
the  common  and  the  proper  juices.  The  firftof 
thefe  conftitute  the  fap,  which  is  found  in  all  plants. 
This  fluid  feems  to  perform  the  fame  functions  in  Tege* 
table,  which  the  blood  does  in  animal  bodies.  It  ii 
contained  in  the  common  veflels  :  It  runs  naturally  from 
their  furfaces ;  but  may  be  extrafted  in  greater  abun- 
dance by  incifion.  The  fap  is  not  an  aqueous  fluid,  but 
contains  falts,  extrafts,  and  mucilages.  When  a  certain 
quantity  of  it  is  wanted,  in  order  to  an  examination  of 
its  properties,  or  for  medical  ufes,  the  plant  is  brayed 
in  a  mortar,  and  fqueezed  through  a  linen  cloth :  if 
the  plant  do  not  readily  yield  its  juice,  it  is  put  into 
a  prefs. 

Succulent  vegetables  give  out  their  juice  by  fimplc 
expreflion.  Thofe  whofe  juices  are  vifcid,  or  not  very 
copious,  muft  be  treated  with  water  to  fwell  and  dilute 
them;  fuch  are  borage  and  the  dry  aromatic  plants. 

Tliis 
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This  fluid,  when  ext rafted  by  the  force  of  preffure,  is 
found  to  contain  a  portion  of  the  folids  of  the  vege- 
table, which  were  bruifed  with  the  peftil :  it  muftthen 
be  purified.  Juices  of  plants  are  purified,  i.  Simply  by 
reft,  or  by  filtration,  when  they  are  very  fluid  :  in  this 
way,  for  inftance,  are  the  juices  of  purflain  and  the 
houfe-Ieek  purified.  2.  By  the  white  of  eggs,  which 
collects  the  impure  parts  by  coagulation ;  it  is  ufed  with 
borage,  nettles,  &c.  3.  By  the  fimple  application  of 
heat,  which  coagulates  and  precipitates  the  parenchyma; 
M.  Baume  recommends  this  as  the  beft  way  for  purify- 
ing thofe  vegetable  juices  which  contain  volatile  prin- 
cipleSy  fuch  as  that  of  cochlearia,  crefles,  &c.  The  phial 
containing  the  juice  is  immerfed  in  boiling  water,  care 
having  been  taken  to  cover  it  with  a  piece  of  paper 
perforated  with  a  hole  ;  when  the  juice  becomes  pure, 
it  is  taken  out ;  it  is  then  immerfed  in  cold  water,  and 
the  juice  filtrated.  4.  By  alcohol,  which  coagulates 
the  feculent  part.  5.  By  vegetable  acids,  which  the 
London  Pharmacopoeia  prefcribes  for  the  juices  of  cru- 
ciform plants. 

There  are  matters  diflblved  in  the  juices  of  plants, 
which,  when  feparated  from  the  aqueous  vehicle,  form 
what  is  called  in  pharmacy  the  exirad.  Thefe  matters 
are  diftinguiihed  into  thr^e  fpecies,  mucilaginous,  fapo- 
naceous,  and  gum-refinous  extrafts. 

Thofe  are  called  mucilaginous  extracls^whicli  diflblve* 
eafily  in  water,  are  fcarce  fdluble  in  alcohol,  and  un- 
dergo fpiricuous  fermentation ;  fuch  is  the  rob  of  the 
goofeberryj  which-  is -prepared  by  eMaporating  the 
jmce.         '        • 

Saponaceous  extfads  diflblve  in  iwater,  ar  *  partly  fo- 
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luble  in  alcohol,  and  rather  mould  than  paf8  into  a  (Utc 
of  fpirituous  fermentation.  Such  is  the  juice  of  t>orage 
when  reduced  to  an  extraft.  Thefe  are  extracts  pro- 
perly fo  called. 

Gum-reiins  are  foluble  both  in  water  and  in  alcohol 
They  are  inflammable^  as  containing  a  refinous  prin* 
ciple^  and  are  not  liable  to  fuflfer  any  alteration  from 
air.  The  concentrated  juice  of  wild  cucumber,  called 
elateriumy  is  of  this  fort.  Inciiions  are  made  in  the  fruit 
of  this  plant ;  and  the  juice  fqueezed  out,  fuffered  to 
clarify  of  itfelf,  and  evaporated  to  drynefs  on  a  water- 
bath. 

Thefe  three  different  forts  of  extracts  are  prqa* 
red  in  the  great  way  for  commerce,  by  the  eraporatioii 
of  the  juice  of  various  plants.    Of  thefe,  among  ochm, 

1.  The  juice  of  acacia;  which  is  prepared  in  £gypt 
by  pounding  the  fruit  of  that  tree,  prelling  out  the  juice, 
and  evaporating  it  by  the  fun :  the  juice  of  acacia,  from 
Germany,  is  prepared  from  the  juice  of  floes  by  a  fimi- 
lar  procefs. 

2.  Thatofhypociftis,  which  is  prepared  like  the  above, 
from  the  fruits  of  this  parafitical  plant. 

3*  Opium,  a  medicine  of  great  importance,  the  na- 
ture of  which  fhould  be  very  well  known.  It  is  ex- 
traded  from  the  white  poppy  in  Perfia,  &c.  There 
flows  out,  by  inciiions  made  in  the  green  capfuies  of  that 
plant,  a  white  juice,  which  is  dried  into  brown  tean; 
this  is  the  true  opium.  The  opium  which  is  common* 
ly  fold,  is  prepared  by  firft  foaking  the  capfuies  in  ira-^ 
ter,  and  then  fqueezing  them ;  this  juice  is  dried,  aad 

formed  into  flat  circular  cakes,  covered  with  leaves,  and 

mixed 
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mixed  with  a  good  deal  of  impurities.     To  purify  it,  it 
is  diflblved  by  the  help  of  heat,  with  as  fmall  a  quan- 
tity of  water  as  pollible ;  the  liquor  is  filtrated  or  drain- 
ed by  ftrong  preflure,  and  evaporated  on  a  balneuni 
mariae.    This  is  the  extraft  of  opium*    This  fiibftance 
contains  a  faponaceous  extrad,  a  refm,  a  folid  eflential 
oil,  an  odorous  principle,  which  is  poifonous  and  nar« 
cacotic,  an  eflential  fait,  and  a  glutinous  matter.    As 
the  odorous,  poifonous,  and  narcotic  principle^  is  often 
noxious,  attempts  have  been  made  to  obtain  the  extract 
of  opium  without  that  principle.     M.  Baum&,  who  has 
examined  this  medicine  with  much  care,  volatilized  that 
principle,  together  with  the  eflential  oil,  and  in  confe- 
quence  of  that,  feparated  the  refin  by  digeflion^  for  (is: 
months.     Bucquet  has  difcovered,  that  this  extract  may 
be  obtained  in  fuch  a  ftate  as  to  be  fedative,  and  not 
narcotic,  by  diflblving  6pium  in  cold  water,  and  eva- 
porating the  folution  in  a  balneum  mariae;     Lorry,  who 
has  made  fome  very  valuable  experiments  on  this  mat- 
ter, has  difcovered,  that  fermented  opium  affords  by 
diftiilation  a  fedative  water  which  has  no  poifonous  qua- 
lities, and  has  prefcribed  it  with  great  fuccefs.    He  ob- 
fcrves,  that  the  odorous  principle  of  this  medicine  can- 
not be  deftroyed  by  this  procefs. 

To  obtain  the  extrafts.of  dry  ligneous  plants,  we 
muft  employ  maceration,  infufion,  or  decoftion  in  wa- 
ter, according  to  the  particular  flate  and  nature  of  the 
matter,  from  which  the  extract  is  defired  ;  maceration 
is  often  fufficient.  Odorous  plants  can  only  be  treated 
by  infufion.  Decoftion  carries  off*  too  much  of  then* 
fubftance,  and  feparates  the  refinous  part :  it  forms  an  ' 
highly  concentrated  thick  fluid,  which  becomes  turbid 
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by  cooling.  Infufion  will  befufficient  in  any  cafe.  Suth 
is  the  opinion  of  the  greateft  cheniifts  and  the  mod  c&> 
lebrated  phyiicians. 

By  water,  various  produdls  can  be  extrafted  from  fe- 
veral  plants.  Thus  juniper-berries  afford  with  water 
a  mucilaginous  extradl ;  quinquina  affords  a  faponaceous 
extrad,  which  is  obtained  in  fmall  tranfparent  fcales^of 
a  faline  appearance,  if  the  folution  be  evaporated  in 
broad  flat  veffels ;  rhubarb  affords  in  the  fame  manner 
a  gum-refinous  fubflance. 

The  chemical  extract,  properly  fo  called^  or  the  fa- 
ponaceous extraf):,  was  thought  to  be  a  compo.und  of  oil 
with  fixed  vegetable  alkali.  It  was  judly  obferved,  how- 
ever, that  the  extra£ls  prepared  in  pharmacy  are  far  from 
being  all  of  the  fame  nature  ;  they  are  mixed  with  muci- 
lage, effeiftial  falty  faccharine  juice,  and  reiin.  For  this  rea- 
fon,  Rouelle,  with  a  view  to  throw  new  light  OQ  this  part 
of  medical  chemiftry,  has  diftinguifhed  them,  as  above 
mentioned,  into  three  genera.  But  the  pure  extrad^ 
reckoned  among  the  immediate  principles  of  vegetables^ 
is  to  be  conCdered  as  a  compound  differing  from  the 
others,  and  poffeffed  of  peculiar  properties.  1  have  juft 
difcovered,  that  this  principle  is  not  a  foap ;  that  it 
poffeffes  the  property  of  abforbing  oxigene  from  the 
atmofphere ;  of  becoming  infoluble  in  water,  and  of 
affuming  the  characters  of  a  concrete  oil.  Thefe  are  the 
properties  by  which  I  afcertain  the  prefence  of  this  fub- 
flance, and  diftinguifli  it  from  all  the  other  immediate 
principles  of  vegetables. 

There  are  extrafts  prepared  in  the  great  way  for  com-, 
merce  by  water.    Such  are, 
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1.  The  juice  of  liquorice,  which  i&  yellow  by  the  hrd 
nfufioD,  and  black  by  a  powerful  deco^on.  The  black 
nice  is  burnt,  and  a£hially  contains  coaL  It  is  purified 
3y  melting  it  in  water,  filtering  and  evaporating  the 
blution,  which  is  rendered  aromatic  by  the  addition  of 
irflential  oil,  of  annifeed,  cinnamon,  &c.        *  - 

2*  The  xachou,  which  is  obtained  in  the  Eaft  Indies ^ 
[rom  an  infufion  of  the  feed  of  a  certain  palm-tree,  calK 
cd  the  areca.  This  folution  is  evaporaled,  and  the 
natter  obtained  is  formed  into  broad  cakes.  The  cachou 
is  purified  for  medical  purpofes  by  folution  in  .water  and 
evaporation.  It  is  feafoned  with  aromatics  like  liquo* 
rice-juice^ 

Among  the  extracts  which  are  prepared  &r  medical 
purpofes,  Rouelle  has  taken  particular  notice  of  thofe 
mixed  with  refin,  by  the  name  of  eKtraflthrefinons^  of 
refiruhextraSirje  matter. 

Extrado-refimus  matter  does  not  bum  till  after  it  be 
dried:  it  feems  .to  contain  more  extrad,  properly  fo 
called,  than  refin.  Reftno^xtraQive  matter  btims  much 
better  than  the  former :  it  feems  to  contain  a  greater 
proportion  of  refin  than  of  the  extraflive  matter.  This 
diftin&ion  proves  thefe  two  fpecies  to  be  nothing  but 
mixtures  of  extrad  in  various  proportions  with  a  refi« 
nous  principle.  They  are  not,  therefore,  extrafls  pro«» 
perly  fo  called ;  and  the  name  can  be  with  propriety 
applied  only  to  the  faponaceous  matter ;  which  is  there** 
fore  the  fubftance  whofe  properties  we  ought  to  exa- 
mine. 

The  pure  extrad  differs  from  thofe  above  mentioned* 
Taking  all  its  properties  together,  we  may  confider  it 
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as  a  dry  felid  fubftance,  of  a  brown  red  colonr,  tnn/^ 
parent,  not'  capable  of  burning  by  itfelf,  but  wbicd 
esiiales  a  good  deal  of  fmoke,  and  u  found  to  contai^O 
more  or  Itfs  effential  fait.  Its  tafte  is  almoft  always 
bitter^  it  affbtds  by  diftillatitMi  an  infipid  phlegm ;  eic- 

r   ii. 

pofed  to  a  moderate  fire^  die  phlegm  by  degrees  takes 
a  colour,  and  be0me&  of  an  alkaline  nature,  vhidi  is 
obferved  Qf  elaterittm»  the  extras  of  borage,  &c.  The 
amnioniac  6f  &e  produ&,  is  formed  by  the  heat :  diere 
palTes  nejct  a  little  tmpyreumatic  oil ;  the  coal  is  light, 
contains  piotafh,  and  almoft  always  neutral  falts.  The 
extrad,  when  expofed  to  the  air,  acquires  a  kind  of 
moulding  over  its  futface,  and  attracts  moiftnre ;  and 
the  ialts  mixecj  ^ith  it,  cryftallize  and  feparate  from 
the  extractive  part.  They  are  often  entirely  altered 
and  decompofed  on  this  occafion.  It  diflblves  in  wa« 
ter,  and  is  then  like  a  ftrong  infufion.  Adds  decooi- 
pofe  this  folution  like  foaps.  Metallic  foludons  like- 
wife  precipitate  jt ;  and  the  fubftances  are,  on  this  oc« 
cafion,  mutually  decompofed.  Thefe  properties  were 
thought  fufficient  to  make  extrad  be  looked  upon  as  a 
kind  of  foap :  they  are  moflly  owing,  however,  to  the 
attradion  of  this  fubftance  for  oxigene,  and  to  its  ab- 
fpEgtion  of  this  principle,  Extraft,  therefore,  prq)erly 
fo  called,  mufl  henceforth  be  coniidered  aa  an  organic 
compound  of  hydrogene,  carbone,  and  a  little  azote, 
poflbiHng  a  ftrong  attraction  for  oxigene,  which  it  ab- 
forbs  from  every  fubftance  that  contains  it,  and  after- 
wards pafles  into  an  oily  concrete  ftate. 

ExtraSs  are  employed  in  medicine  as  aperitives,  dif- 
cuffives,  diuretics,  ftomachics,  and  alhioft  always  with 
great  fuccefs. 

CHAP. 


CHAP.    IV. 


Of  the  ejfential  Salts  of  Vegetables  ;  and  of  thofe  in  parti 
cular  which  are  analagous  to  Mineral  Salts. 


nPHE  falinc  fubftances  held  in  folution  in  the  juices 
of  plants,  or  in  water  in  which  they  have  been 
infufed,  are  called  their  ejfential  /alts.  They  are  ex- 
traded  by  fuffering  thefe  fluids  to  cool,  after  they  have 
been  evaporated  to  the  confiftency  of  a  fyrup.  As 
thefe  falts  are  impregnated  with  extracts  and  fat  mat- 
ters, they  need  to  be  purified  with  lime  and  the  white. 
of  eggs.  When  the  falts  are  acid,  lime  mud  not  be 
ufed,  as  it  would  neutralize  them,  but  pure  white  clay 
in  powder.  After  this  firft  extraftion,  they  are  flill  very 
impure.  They  are  diflfolved  in  diflillcd  water,  and  re- 
peatedly cryftalUzed  till  they  become  white.  This  pro- 
cefs  can  be  employed  only  on  thofe  effential  falts  of  ve- 
getables which  are  cryftalllzable ;  but  there  have  been 
fome  vegetable  falts  difcovered  which  are  not  cryftalll- 
zable, and  uhich,  on  account  of  their  mixture  or  combi- 
nation with  other  principles,  cannot  be  extracted  by  fuch  a 
limple  procefs.  In  giving  an  account  of  the  f«lts  contained 
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« 
vegetables,  or  at  lead  obtained  from  them,  we  (hall  dif* 

tinguifli  them  into  the  following  fix  genera* 

The  fird  genus  comprehends  all  fuch  vegetable  falts 
as  are  analogous  to  thofe  with  which  we  are  acquadnted 
in  the  mineral  kingdom* 

The  fecond  confifts  of  the  pure  acid^  falts  of  plants. 

In  the  third  we  fhall  rank  acid  falts  combined  with  a 
certain  quantity  of  potafh,  under  the  generic  name  of 
ccidula. 

To  the  fourth  genus  we  may  refer  fuch  as  are  formed 
by  the  adion  of  the  nitric  acid  on  fome  vegetable  mat* 
ter. 

The  fifth  may  contain  fuch  as  owe  their  formation  to 
heat. 

Laftly,  Under  the  fixth  we  include  vegetable  acids 
produced  by  a  particular  fermentation. 

Firji  Genus  of  Vegetable  Salts.     Salts  analogous  to 
thofe  of  the  Mhieral  Kingdom. 

The  firft  genus  of  the  effential  falts  of  vegetables 
Comprehends  neutral  falts  extrafted  from  their  juices  by 
evaporation,  which  are  analogous  to  thofe  of  the  mine- 
ral kingdom.  The  principal  fpecies  of  thefe  falts  are, 
1.  Fixed  alkalis  in  combination  with  carbonic  acid, 
which  are  obtained  from  almoft  all  plants,  by  macera- 
ting them  in  acids,  as  has  been  fiiown  by  Margraff  and 
Rouelle  the  younger  :  potafli  is  moft  commonly  obtain- 
ed ;  foda  exids  in  fome  marine  plants.  2.  Sulphate 
of  potafli,  in  millefoil,  in  old  borage,  in  aftringent  and 
aromatic  plants,  in  fpurge  flax,  and  in  the  mark  of 
olives.     3.  Sulphate  of  foda,  from  tamarifk,  and  from 

rotten 
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rotten  wood.  •  4*  Nitre,  from  borage,  turnfole,  tobacco, 
jfoc.  5.  Muriate  of  potafh,  and  muriate  of  foda,  from 
marine  plants.  6.  Sulphate  of  lime,  difcovered  by  Mo- 
del in  rhubarb.  The  exiflence  of  the  lad  fait  is  doubt- 
ful ;  for  Schi;ele  fufpefts  that  what  Model  took  for  ful- 
phate  of  lime  was  only  calcareous  oxalate. 

By  aa  accurate  analyfis  of  a  greater  number  of  plants, 
many  other  falts  might  no  doubt  be  found  in  vegetables, 
refembling  mineral  falts.  It  was  alfo  thought  that  am-, 
moniacal  carbonate  exifted  ready  formed  in  fome  cru- 
ciform plants ;  becaufe  thofe  plants,  when  diftilled,  af-. 
forded,  by  the  6r/(l  impreilion  of  the  heat,  a  phlegm,  in 
which  there  wai  a  little  of  this  fait  diiTolved*  The  an- 
cient chemlfts,  on  this  account,  called  thofe  plants  ani^ 
mal  plants*  But  Rouelle  the  younger  has  fhown,  that 
the  fait  is  not  ready  formed  in  the  plant,  but  is  produ- 
ced in  confequence  of  the  re-adion  of  the  principles  of 
the  plant  occafioned  by  heat.  M.  Baume  has  re- 
prefented  this  volatile  principle  of  cruciform  plants,  as 
being  nothing  but  fulphur.  The  ammonaic  obtained 
from  thofe  plants  has  been  futly  proved  by  M.  Berthol- 
let,  to  proceed  from  the  combination  of  the  hydrogenous 
part  of  the  oil  with  the  azote  contained  in  the  vege- 
table. 

Naturalifts  have  been  of  different  opinions  concerning 
the  mineral  falts  found  in  plants.  Some  think  the  falts 
to  be  conveyed  from  the  earth  into  the  vegetable  by  wa- 
ter, without  alteration.  Others  think  them  to  be  form- 
ed by  the  aft  of  vegetation.  One  thing  certain  is,  that 
two  very  different  plants,  fuch  as  borage  and  millefoil, 
growing  on  the  fame  foil,  afford  each  its  peculiar  acid; 
borage,  nitre,  and  millefoil,  fulpbate  of  potafh.     This 

doubtful 
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doubtful  queftion  might  be  determined  by  a  (ingle  expe- 
riment ;  of  which  much  has  been  faid,  but  which  has 
never  been  performed  with  fufficient  exadnefs.  'llie  ex- 
periment is  9  to  raife,  from  a  previoufly  lixiviated  earth, 
plants  affording  a  kind  of  fait,  like  nitre,  and  to  water 
them  with  water  impregnated  with  muriate  of  foda,  or 
fome  other  fait.  If  they  fhould  be  ftill  found  to  afford 
nitre,  and  not  muriate  of  foda,  it  mi^t  be  inferred, 
that  fait  does  not  pafs  from  the  earth  into  the  plant  un- 
altered, but  that  the  proper  fait  is  formed  in  the  plant  by 
the  functions  of  vegetation.  Whatever  may  be  the  re- 
fult  of  this  experiment,  it  will  be  proved,  that  a  number 
of  the  falts  which  we  examined  in  the  mineral  kiagdom 
are  immediately  formed  in  vegetables. 


CHAP. 


CHAP.    V. 


Of  thefecond  Genus  of  EJfential  Salts ^  or  of  the  Pure 

Acids  of  Vegetables. 


IN  the  fecond  genus  of  elTential  vegetable  falts,  ve 
rank  thofe  acids  which  are  entirely  formed  in  plants, 
and  are  extraded  from  them  pure  by  very  fimple  pro- 
ceffes.  There  are  five  acids  of  this  genus,  the  citric,  the 
gallic,  the  malic,  and  the  benzoic. 


S   1.  Of  the  Citric  Acid. 

W£  give  the  name  of  citric  acid  to  the  pure  acid 
which  Scheelc  obtained  from  lemon-juice* 

Chemifts  formerly,  without  attending  to  the  peculiar 
charaderiftic  of  this  acid  juice,  compared  it  to  that  of 
tartar;  and  at  that  period  all  vegetable  acids  were 
thought  to  be  of  the  fame  nature.  Attempts  have  been 
made  to  concentrate  and  purify  the  acid  juice  of  the  le- 
mon 
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mon  and  the  orange^  in  order  to  preferve  them  for  long 
voyages.  The  juice  of  the  former  of  thefe  fruits  has 
fuch  an  acid  tafte,  and  produces  fuch  an  effeftual  altera- 
tion  on  blue  colours,  that  there  can  be  no  doubt  enter- 
tained concerning  its  nature.  M.  de  Morveau  has  found 
the  fpecific  gravity  of  this  juice  to  be  to  that  of  diftiUed 
water  as  15860  to  i. 

When  this  juice  is  kept  for  fome  time,  it  acquires  a 
difagreeable  tafte,  and  is  covered  over  with  a  mouldi- 
nefs :  this  alteration  is  owing  to  its  containing  a  confi- 
derable  proportion  of  mucilage,  of  which  chemifts  have 
endeavoured  to  purify  it.   Before  means  were  found  out 
by  which  that  might  be  accomplifhed,  it  was  preferved 
in  glafs  bottles,  and  covered  with  oil.     Some  people  pro* 
pofed  to  put  fand  into  the  vefTels  }  others  added  a  mine* 
ral  acid  ;  either  of  thefe  procefles  altered  the  nature  of 
the  juice.    The  firft  was  fuperior  to  the  others  ;  but  even 
with  it,  the  juice,  in  the  fpace  of  a  few  days,  con  traded 
a  tart,  oily,  and  difagreeable  tade.     M.  Georgiqs,  in  the 
year  1774,  publiflied,  among  the  A£ls  of  the  Academy 
of  Stockholm,  a  procefs  for  concentrating  the  acid  juicQ 
of  citrons,  and  rendering  it  unalterable.    He  direds  this 
juice  to  be  kept  for  fome  time  in  the  cellar,  in  inverted 
bottles,  in  order  to  feparate  from  it  a  part  of  the  muci* 
lage,  and  to  expofe  it  to  a  cold  three  or  four  degrees  un« 
deroin  Reamur's  thermometer ;  the  aqueous  part  freezes, 
carrying  with  it,  as  would  appear,  a  portion  of  the  muci« 
laginous  matter  :  care  mud  be  taken,  as  the  ice  forms,  to 
feparate  the  liquid  from  it ;  and  the  congelation  muft 
be  carried  on  till  the  ice  become  acid«     M.  Georgius  has 
found,  that  when  the  juice  is  reduced  to  an  eighth  part 
of  its  bulk,  and  is  eight  times  as  ^  (trong  as  before,  a 

I  drachm 
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drachm  of  citroa  juice,  concentrated  by  congelation, 
will  faturate  thirty-fix  grains  of  potaih,  which  would  re- 
quire to  faturate  it  an  ounce  of  the  fame  juice  before 
concentration*  This  acid,  thus  concentrated,  may  be 
employed  for  many  oeconomical  purpofes-  Dry  lemon- 
ade is  prepared  by  mixing  it  with  fugar  refined  and  re- 
duced to  powder,  in  the  proportion  of  one  part  to  fix. 

Citron,  or  lemon-juice,  if  expofed  foon  after  its  pre- 
psuration  to  an  atmofphere  above  the  temperature  of  1 5^ 
of  Reamur,  depofites  a  white  femi-tranfparent,  mucilagU 
nous  matter,  of  a  gelatinous  confiftency;  this  juice, 
when  decanted  and  filtered,  becomes^  lefs  liable  to  altera- 
tion than  before.  The  mucibginous  matter,  when  dried, 
does  not  diflblve  in  boiling  water :  when  treated  with 
the  acid  of  nitre,  it  affords  gas  azote,  and  is  converted 
into  oxalic  acid :  this  is  not  a  gummy  mucilage,  but 
bears  an  analogy  to  the  vegetable  gluten,  of  which  we 
fpoke  in  the  2Xtvlt  farina. 

M.  Dubuiflbn  has  preferved  citron-juice  by  a  pro- 
cefs  directly  oppofite  to  that  of  M.  Georgius.  On  eva- 
porating this  juice  by  a  moderate  heat  long  continued, 
the  mucilage  becomes  thick,  and  feparates  in  the  form 
of  a  cruft  and  glutinous  flakes ;  the  acid  liquid  is  con- 
centrated, and  may  be  long  kept  in  well  (topped  bottles, 
without  being  liable  to  alteration.  M.  DubuifTon  has 
obferved,  that  the  contaft  of  the  air  which  remains  be- 
tween the  flopper  and  the  furface  of  this  acid  liquor 
concentrated  by  evaporation,  is  fufficient  to  feparate  in  a 
few  weeks  flakes  of  a  white  fubftance,  which  he  thinks 
to  be  glutinous,  and  which  colleding  on  the  furface, 
form  there  an  elaftic  confiflent  body.    The  acid  is  not 

fienfibly  altered  during  this  feparation« 

Thcfc 
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Thefe  are  the  fereral  proceflfes  which  were  propofed 
and  ufed,  before  Scheele's  time^  for  purifying  and  pi«* 
ferving  citron-juice.   From  them  it  appears,  indeed,  that 
this  acid  had  engaged  the  attention  of  chemifts ;  but  it 
was  prepared  only  for  the  purppfes  of  pharmacy ;  and 
fo  fully  was  every  one  perfuaded  that  its  nature  was  the 
fame  with  that  of  the  acid  of  tartar,  that  no  doubt  mt 
ever  fuggefted  of  that  being  the  cafe.  Stahl  had  aflerted, 
that  lemon-juice,  when  faturated  with  the  lobfter-ftone, 
or  with  chalk,  acquired  the  nature  of  vinegar.    Several 
chemifts  had  attempted  to  combine  it  with  alkalis,  wtdi- 
out  obtaining  permanent  cryftals  from  the  combination^ 
on  account  no  doubt  of  the  mucilage  fo  plentifully  mix-' 
ed  with  it.    M.  de  Morveau,  however,  informs  us,  thac 
by  faturating  lemon-juice  with  carbonate  of  potafli,  ex— 
pofing  the  folution  to  the  air,  and  filtering  it  fevenl 
times,  he  obtained  from  it  a  fait  cryftallized  in.finall 
opaque  grains  not  liable  to  deliquiate. 

Scheele,  in  Crell's  Journal,  in  the  year  1784,  gave 
a  procefs  for  obtaining  the  acid  of  lemon  verv  pure, 
feparated  from  the  mucilage    and  the  extractive  mat- 
ter by  which  it  is  altered  in  the  juice  as  prefled  from 
the  fruit,  and   in  a  concrete  form.     He    firft  employ- 
ed  alcohol    to  feparate  the    mucilage  by  coagulation, 
and  did  not  fucceed ;  the  liquor,  when  infpiirated,  fil- 
tered, and  evaporated,  afforded  no  cryftals.     He  tried 
the  procefs  which  he   had   feveral  years   before  difco- 
vered  for  purifying  the  acid  of  tartar,    and  obtained 
the  acid  of  lemon,  pure  and  concreted.     The  procefs 
is  as   follows :    Saturate  boiling  lemon-juice  with  pul- 
verized cha^k.     The    acid  forms  with  the   lime  a  fait 
that  is  '^    .cC  foluble,  and  the  mucilaginous  and  extraftivc 

fubftances 
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fabftances  remain  diflblved  in  the  fupernatant  liquor ;, 
tbe  precipitate  is  to  be  walhed  with  lukewarm  water, 
(iil  it  ceafe  to  deepen  in  colour  ;  it  diflblves  nearly  as 
veil  as  fulphate  of  lime  :  it  is  then  treated  with  as  much 
A/phnric  acid  as  is  requiflte  to  faturace  the  chalk,  di- 
ioced  in  ten  parts  of  water ;  and  the  mixture  is  now 
boiled  for  a  few  minutes.    Afterwards  it  muft  be  cool- 
Bd    and  filtered ;  the-  fulphate  of  lime  remains  on  the 
Slter ;  and  the  liquor  affords,  by  evaporation,  a  concrete 
cryfiallized  acid.      In  this  operation,  it  is  better,  as 
Sehcele  has  remarked,  to  ufe  an  excefs  of  fulphuric 
Kid,  than  to  leave  a  little  lime  not  faturated :  as  this 
vc^uld  prevent  the  citric  acid  from  cryftallizing ;  where- 
in when  there  is  an  excefs  of  fulphuric  acid,  it  remains 
n  ^e  mother- water. 

The  citric'  acid  thus  prepared  is  very  pure  and  high- 
'y  concentrated :  its  tafte  is  ftrongly  acid ;  it  reddens 
^  blue  vegetable  colours  that  are  fufceptible  of  fuch  a 
^^nge.     Fire  decompofes  it,  converting  it  into  acidu- 
lous phlegm,   gazeous  carbonic  acid,  and  carbonated 
hydrogenous  gas :   there  remains  in  the  retort  a  little 
coal :  air  effeds  no  alteration  on  its  cryftals.     It  dif- 
lolves  eafily  enough  in  water,     llie  folution  is  decom- 
pofed  by  an  adual   putrefadion,    which  indeed  takes 
place  but  very  flowly.     With  earths  and  alkalis,  it  forms 
citrates  of  aluminous  earth,    barytes,  magnelia,  lime, 
potafh,  foda,  and  ammoniac ;  the  properties  of  which 
have  not  yet  been  examined,  though  they  are  known  to 
differ  from  all  other  neutral  falts.     The  nitric  acid  does 
not  convert  this,  like  feveral  other  vegetable  acids,  into 
oxalic  acid  :  this  appears  indeed  to  be  one  of  the  moft 
powerful  vegetable    acids.     It  acts  with  the    help  of 
Vol*,  in.  C^  water 
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water  on  various  metallic  fubftances,  chiefly  on  kine, 
iron,  copper,  &c. 

Bergman  has  reprefented  its  affinities  in  the  follow- 
ing order ;  linie,  barytes,  magBefia,  potafli,  foda,  am* 
moniac.  M.  de  Breflfey  of  Dijon  has  an  account  d 
its  affinities  fomewhat  different  from  this.  According 
to  him,  barytes  holds  the  firft  place,  lime  the  fecond, 
and  magneiia  the  third ;  the  alkalis  follow  after  tbefe. 
It  appears  from  the  refearches  of  both,  that  this  add 
prefers  the  three  alkaline  earths  to  the  alkalis  them- 
felves. 

The  ufes  of  the  acid  of  lemon  are  various.  With 
water  and  fugar,  it  compofes  a  very  pleafant  drinki 
known  by  the  name  of  lemonade.  It  is  ufed  in  medi- 
cine  as  cooling,  temperating,  antifeptic,  antifcorbutk^ 
diuretic ;  it  is  ei'pecially  efficacious  in  correding  the 
acridity  jof  the  bile.  It  is  fometimes  applied  as  a  geotli 
cfcharotic  to  fcorbutic  ulcers,  eruptions  of  the  itch,  and 
fpots  on  the  fkin.  When  concentrated  by  .the  procefi 
of  M .  Georgius,  or  that  of  M.  Dubuiflbn,  it  may  be  put 
up  for  long  voyages  by  fea ;  and  it  is  found  of  great 
utility  on  fuch  occafions. 


S  11.  Of  ibc  Gallic  Acid. 

WE  give  the  name  oi gallic  acid  to  that  which  is  cs- 
trailed  from  the  nut-gall,  which  grows  on  oaks  in  con- 
fequence  of  the  pundure  of  an  infeft.  This  acid  is  ge- 
nerally found,  either  in  a  greater  or  a  fmaller  quantity, 
in  all  four  or  aftringent  vegetable  fubftanccs :  Such  arc 
oak,  aOi,  willow,  and  the  barks  of  thefc  trees,  quinquina, 

1  funarouba, 
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limarouba^  pomegranate,  fumac,  tormendllo,  the  cyprefs- 
tiuty  the  ilalk  and  leaves  of  the  mar(h  iris,  of  the  ft  raw- 
berry  (hrub,  of  the  water-lily,  &c. 

Qiemifts  fbrinerly  diftinguifhed  this  matter  by  the 
name  of  the  ajlringent  p^ndple :  and  all  that  they  knew 
of  it  was,  that  it  poflefled  exclufively  the  property  by 
which  its  charafter  was  very  diftindly  marked,  of  pro- 
ducing black  precipitates  in  folutions  of  iron  in  acids, 
and  thus  niaking  ink.  Meflrs  Macquer,  Monnet,  Lewis, 
Cartheufer,  and  Goanetti,  fought  to  determine  by  ez« 
periments,  in  what  manner  this  principle  ads  upon  the 
metal.  M.  Monnet  remarked,  that  nut-gall  and  aftrin« 
•gent  vegetable  juices  afted  immediately  on  iron,  and 
gxve  it  a  black  colour.  M.  Gioanneti  obferved,  that 
die  atramentarious  precipitate,  or  feculum,  was  not  fub- 
jed  to  the  attradion  of  the  magnet,  and  that  iron  there- 
fore did  not  exift  in  the  precipitate  in  a  metallic  (late, 
as  had  been  before  thought.  Thefe  obfervations  might 
lead  to  the  conclufion,  that  the  aftringent  principle  of 
nut-gall  muil  be  an  acid,  or  at  lead  performed  the  part 
of  an  acid  in  chemical  operations.  The  Academicians  of 
Dijon  were,  however,  the  firft  after  thefe  writers  who  dif- 
dngui(hed,  in  their  experiments,  the  aftringent  principle 
to  be  an  acid.  Thefe  philofophers  have  fhown,  i.  That 
the  produds  of  diftilled  nut-gall  become  black  with  the 
folution  of  fulphate  of  iron.  2.  That  an  ounce  of  this 
fubftance  communicates  to  cold  water  a  tinAure,  from 
which  3}  drachms  of  extract  are  obtained  by  evapo* 
ration.  3.  That  this  infufion  reddens  turnfol  and  blue 
paper.  4.  That  the  fame  principle  is  foluble  in  oils, 
alcohol,  and  aether.  5.  That  acids  diiTolve  without  al- 
tering it,  and  without  depriving  it  of  the  property  of 

0^2  prodof 


244  Of  the  Gallic  Acid. 

producing  a  black  precipitate  of  iron.     6.  That  its  fo- 
lution  in  water  precipitates  alkaline  fulphures*    y.  Thit 
it  ci.rircly  decompofes  all  folutions  of  metals,  and  com<» 
in.TTiicates  a  colour  to  the  oxides  by  combining  with 
than.     S  Laftly,  That  it  direftly  diffolves  iron,  and  pre- 
ci]  enters  filver  and  gold^  after  feparating   them  from 
tlic  ir  iolvents. 

Sui  t!  are  the   important  fads  concerning  this  fub-* 
r!<ifu\'.  vvliich  have  been  communicated  to  the  world 
by  ih^  Academicians  of  Dijon.     Several  of  them  had 
inc:ce(1    been    before  obferved  by   different   chemifts, 
b:i-  none  had  before  afcertained  the  acidity  of  the  prio- 
ciple 

hince  they  communicated  thefe  obfervations  to  tbe 
world,  Scheele  has  not  only  obferved,  that  all  four,  a- 
llringent  plants  exhibit  marks  of  acidity,  but  has  diicO' 
vered  and  defcribed  a  procefs  for  obtaining  this  vege- 
table acid  pure  and  cryftallized. 

Upon  a  pound  of  nur  gall  in  powder,  pour  fix  pounds 
of  diftilled  water  ;  leave  this  mixture  to  macerate  for 
the  fpace  of  fifteen  days,  in  the  temperature  of  from 
16  to  20  degrees ;  ttien  filtrate  the  liquor,  and  put  it  in 
a  ftone  pot,  or  a  hii  gc  capfule  of  glafs  ;  fuffer  it  to  cn^ 
poi  Ltr  flowly  in  tfic  air  ;  a  mouldinefs,  and  a  thick  and 
fecmin;5ly    glurinous  pellicle   is  then  formed   upon  it: 
Yiuicili'tginous  flukes  are  firft  precipitated  in  great  abun- 
d  -ice  ;  th*:  f.>!uti()n  has    no  longer  a  very   aftringent 
♦  ide.   but  is  more  fenfibly  acid  than  before.     Afieril 
i.;is  Lt^n  two  or  three  months  expofed  to  the  air,  there 
is  'rbfcrved  on  the  fides  of  the  velfels,  and  adhering  to 
them,  a  bfown   plate,  covered  with  granulated  cryftals, 
fparkling,  and  of  a  yellowilh  grey  colour  :  the  fame 

cryflals 
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cryftals  exift  likewife  In  great  abundance  on  the  under 
fide  of  the  thick  pellicle  which  covers  the  liquor :  the 
liquor  mail  now  be  decanted  off ;  and  hot  alcohol  is 
poured,  on  the  flaky  fediment,  the  pellicle,  and  the  cry- 
ftalline  cruft :  this  folvent  takes  up  all  the  cryftallized 
bit,  but  aflfeds  not  the  mucilage.  This  fpirituous  folu- 
don  is  then  evaporated,  and  the  gallic  acid  is  obtained 
from  it  pure,  in  fmall  granulated  cryftals,  of  a  grey  co- 
lour, inclining  a  little  to  yellow,  and  brilliant. 

The  gallic  acid  thus  purified  has  a  tafl:e  fomewhat 

four  and  aftringent.     It  produces  in  folutions  of  ful- 

pbate,  and  of  other  falts,  of  iron,  a  very  fine  and  brilliant 

black  precipitate :  it  gives  a  high  red  colour  to  the  tine* 

ture  of  turnfol ;  when  heated  in  contad  with  air,  it  fwells 

^  kindles,  diifufing  an  agreeable  enough  fmell,  and 

leaves  a  coal,  the  incineration  of  which  is  very  difHcult : 

iriien  diftilled  by  a  moderate  fire,  a  part  of  it  is  didbU 

Ved  in  the  water  of  its  cryflals,  and  afcends  in  that  (late  ; 

another  part  is  fublimed,  without  being  decompofed  ia 

fmall  iilky  cryflals  ;  a  (Irong  fire  feparates  from  it  fome 

drops  of  oil,  carbonic  acid  gas,  and  carbonated  hydro* 

genous  gas*    Nut-gall,  when  diftilled  entire,  affords  a 

fmall  portion  of  concrete  fait,  refembling  the  fublimated 

galUc  acid. 

The  gallic  acid  requires  24  parts  of  cold  water  to 
diflblve  it ;  of  boiling  water  only  three  parts.  Repeafp 
ed  folation  and  cryftailization  do  not  whiten  it  in  a 
fenlible  manner.  Alcohol  diflblves  it  much  more  ef- 
ficadoufly :  four  parts  of  this  liquid,  when  cold,  are 
fuflicient  to  diifolve  one  of  gallic  acid;  when  boil- 
ing, it  diflblves  a  quantity  of  the  acid  equal  to  itfelf  in 
wdght. 

9.3  Twii 
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This  acid  difengages  the  carbonic  acid  from  eattlif 
and  alkaline  bafes,  when  its  a£tion  is  affifted  hf 
heat. 

With  barytes,  magnefia,  and  lime,  it  forms  falts  fa* 
luble  in  water,  and  efpeciatly  when  there  is  an  excels  of 
the  bafe.  Potafli,  foda,  and  ammoniac,  combine  very 
readily  with  it,  forming  gal/afesy  the  properties  of  whicli 
are  hitherto  unknown.  The  nitric  converts  the  gallic 
into  oxalic  acid. 

The  gallic  acid  precipitates  gold  in  a  brown  powder, 
and  caufes  a  part  of  the  metal  to  appear  on  the  furface 
of  its  folution  in  a  brilliant  metallic  pellicle.  In  the  fo* 
lution  of  filyer  it  produces  a  brown  precipitate ;  a&d 
focn  after  the  precipitation,  a  plate  of  reduced  filter 
appears  on  the  furface  of  the  liquor.  Frona  mercury 
it  produces  an  orange  yellow  precipitate ;  from  copper 
a  brown  precipitate ;  from  iron  a  beautiful  gliilering 
black  precipitate  ;  from  bifmuth  a  citron  yellow  prcci* 
pitate.  Solutions  of  platlna,  zinc,  tin,  cobalt,  and  man* 
ganefe,  fuifer  no  alteration  from  this  acid. 

Such  are  the  properties  which  Scheele  allows  to  the 
galHe  acid  prepared  by  his  procefs.  ITiey  are  fufficient 
to  entitle  it  to  the  charafter  of  a  peculiar  acid,  diftinft 
from  all  others.  Its  intimate  nature,  and  the  proportion 
of  its  principles,  have  not  yet  been  afcertained.  M.  dc 
Morveau  obtained  from  it  a  refin  which  he  thinks  to  be 
the  acidifiable  bafe  ;  by  the  union  of  which,  with  oxi* 
gene  the  acid  is  formed. 

The  ufe  of  nut-gall  for  dyeing  black  is  well  enough 
known :  we  fhall  only  add  to  what  we  have  already 
faid  of  it  in  the  article  of  iron,  that  when  the  pure  gal- 
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Kc   acid  is  ufed   in  the  preparation  of  ink,  the    ink 

16  very  beautiful,  and  very  black,  and  remains  long  un- 
altered. 


§  IIL  (y  ibi  Malic  Acid^  or  the  Acid  of  Apples. 

WE  give  the  name  of  malic  acid  to  a  peculiar  vege- 
lable  acid  which  Scheeie  extracted  from  the  juice  of 
various  fruits^  and  of  which  he  found  apples  to  contain 
a  confiderable  (fuantity. 

This  acid  is  obtained  by  fqueezing  the  juice  from 
jfour  apples,  faturating  it  with  potafh,  and  mixing  the 
liquor  with  a  folution  of  acetite,  or  fugar  of  lead.  A 
double  decompofition  is  thus  eifefted ;  the  acetous  acid 
combines  with  the  potafh,  and  the  malic  with  the  oxide 
of  lead  )  the  malate  of  lead  is  precipitated  ;  that  precipi- 
late  is  waflied  ;  and,  on  its  being  treated  with  fulphuric 
acid,  fulphate  of  lead  is  produced,  and  the  malic  acid 
fwims  above.     A  fufficient  quantity  of  fulphuric  acid 

mud  be  poured  in  to  diflblve  all  the  malate  of  lead  ; 

♦ 

which,  when  it  takes  place,  will  be  known  from  the 
tafte  of  the  fupernatant  liquor. 

The  following  are  the  properties  of  this  acid.  It  can-  • 
not  be  obtained  in  a  concrete  form ;  with  the  three 
alkalis,  it  forms  deliquefcent  neutral  falts  ;  with  lime,  it 
produces  a  fait  that  affords  fmall  irregular  cryflals,  fo« 
luble  in  boiling  water,  in  vinegar,  and  in  the  malic  acid 
itfelf ;  with  aluminous  earth,  a  fait  that  is  fcarce  foluble; 
with  magnefia,  a  deliquiefcent  fait.  It  diiToIves  iron, 
and  the  folution  is  brown,  and  notfufceptible  of  cryflal- 
lizatlon  \  it  diffolves  zinc  readily,  and  produces  with  it 
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a  fait  in  very  beautiful  cryftals  :  the  nitric  acid  cbangei 
it  into  oxalic  acid ;  it  precipitates  nitrate  of  mercury, 
lead,  iilver,  and  gold,  in  a  metallic  (late :  calcareous 
malate  decompofes  ammoniacal  citrate,  formmg,  in  con- 
fequence  of  the  decompofition  calcareous  citrate,  do) 
foluble  in  boiling  water  or  in  vegetable  acids.  The 
folution  of  calcareous  malate  in  water  is  precipitated 
by  alcohol ;  laftly.  The  malic  acid  is  fpeedily  deftroy- 
ed  by  fire,  which  changes  it  into  carbonic  acid :  the 
carbonic  acid,  thus  formed,  faturates  in  part  the  bilb 
of  the  malates  decompofed  by  heat.  Such  are  the  pro- 
perties which  form  the  peculiar  character  of  this  add. 

Scheele  found  it  almoft  pure,  or  mixed  with  a  Ihtle 
citric  acid,  in  the  juice  of  apples,  of  the  barberry,  of 
alder  twigs,  of  the  iloe-thom,  of  the  forb-tree,  and  of 
the  plum-tree ;  in  goofeberries,  cherries,  ftrawberries, 
rafpberries,  &c.  Laftly,  He  obtained  it  from  fugar  by 
the  nitric  acid  ;  and  M.  de  Morveau  remarks,  that  the 
malic  acid  fhows  itfelf  in  this  cafe  before  the  oxalic. 

When  four  fruits  contain  both  citric  and  malic  acid, 
the  following  is  Scheele's  procefs  for  feparating  them, 
in  order  to  obtain  the  latter  pure.  The  juice  of  goofe- 
berries faturated  with  chalk,  affords  calcerous  citrate, 
which,  being  infoluble,  is  precipitated  ;  the  fupematant 
liquor  holds  in  folution  the  calcareous  malate,  which  is 
feparated  by  alcohol ;  but  as  it  is  flill  in  union  with  a 
mucilage,  Scheele  has  had  recourfe  to  another  means 
for  obtaining  it  pure.  He  evaporated  the  juice  of  goofe- 
berries to  the  confiflency  of  fyrup  ;  upon  this  fyrup  he 
poured  alcohol,  which  difTolved  the  acids  without  affeA- 
ing  the  mucilage  j  he  then  filtrated  the  folution  to  fe- 
parate  the  mucilage ;  after  the  filtration  of  the  liquor,  he 

evaporated 
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he  evaporated  the  alcohol ;  the  acids  he  laturated  with 
chalk.  The  citric  acid  uniting  with  the  chalk,  was  of 
consequence  depofited  in  calcareous  citrate ;  and  the 
calcareous  malate  remained  in  folution.  A  new  addition 
of  alcohol  precipitated  it  from  the  liquor ;  and  Scheele 
dien  obtained  the  malic  acid  by  difTolving  this  fait  in 
water,  precipitating  the  folution  by  acetite  of  lead,  and 
decompofing  the  malate  of  lead  by  the  fulphuric  acid  ; 
the  malic  acid  was  then  found  feparate  in  the  fuperna* 
tant  liquor« 

5  IV.  Of  the  Benzoic  Acid^  or  the  Acid  of  Benzoin* 

SINCE  the  days  of  Blaife  de  Vigenere,  who  wrote  in 
the  beginnmg  of  the  lad  century,  benzoin  has  been 
known  to  afford,  by  diftillation,  an  acid  fait  cryftallized 
in  ftrong  fmelling  needles,  of  an  acrid  tafte,  which  in 
pharmacy  are ,  called  flowers  of  benzoin.  Chemifts  for- 
merly thought  this  to  be  a  particular  modification  of  a' 
mineral  acid ;  but  its  diftinftive  properties  are  now  fo 
well  known,  that  we  can  no  longer  doubt  of  its  being 
a  peculiar  vegetable  acid. 

This  acid  is  found  to  exift  in  benzoin,  balm  of  Peru 
and  Tolu,  ftorax,  liquidambar,  and  vanilla,  around  which 
it  is  cryftallized.  Scheele  has  found  it  likewife  in  the 
fugar  of  milk  and  the  extraft  of  urine.  It  will  be  fhown 
under  the  article  of  benzoin,  that  the  fimple  procefs 
which  was  formely  employed  to  obtain  it,  confifted  in 
fublimation  by  a  moderate  fire.  Geoffroy  difcovered, 
in  the  year  1738,  that  it  might  be  extrafted  by  water, 
and  that  the  faline  fubftancc  was  fully  formed  as  it  exift- 
cd  in  benzoin ;  by  the  fame  procefs,  I  extracled  it  from 
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Peruvian  balm,  ftorax,  and  the  huiks  of  vanilla.  But 
this  procefs  affords  only  a  fmall  quantity ;  for  the  rdin 
of  benzoin,  not  mixing  with  the  water^  covers  and  pre* 
ferves  a  great  part  of  the  acid  fait. 

Scheele,  in  the  year  1776,  gave,  in  the  Memoirs  of 
Stockholm,  fome  important  obfervations  on  the  benzoic 
acid  :  from  ninety-Iix  parts  of  benzoin  he  obtained,  by 
fublimation,  between  nine  and  ten  parts  of  this  fublima- 
ted  fait  which  was  very  far  from  what  Spielman  afferted 
that  he  obtained, — namely,  a  fourth  part  of  the  benzoin 
fubmitted  to  diflillation  :    it  appears  that  the  chemift  of 
Straiburg  had  taken  acid  of  benzoin  mixed  with  em- 
pyreumatic  oil  for  pure  acid.     Scheele,  having  reduced 
benzoin  to  powder  and  mixed  it  with  chalk,  boiled  upoa 
it  a  quantity  of  water,  and  then  filtered  the  liquor,  wbidi 
afforded  no  fait  by  cooling  :  fulphuric  acid,  poured  iota 
this  liquor,  feparated  the  benzoic  acid  in  powder,  and 
ihowed    that  acid  to  have  been  united  with  a  bafe  of 
chalk,  with  which  it  formed  a  neutral  fait  foluble  in  va* 
ter :  the  quantity  of  concrete  acid,  however,  precipita- 
ted by  this  procefs,  was  not  more  confiderable  than  that 
which  is  obtained  by  fimple  lixiviation.  Scheele  thought 
that  a  greater  quantity  might  be  obtained  by  employing 
a  matter  capable  of  ading  on  the  refm,  and  facilitating 
the  feparation  of  the  fait.     Potafh  did  not  ferve  his  pur* 
pofe  ;  the  refin  again  collefted  on  the  furface  of  the  li- 
quor in  a  thick  tenacious  oil,  on  which  account  he  could 
not  expeft  the  acid   to  be  entirely  feparated.      With 
quicklime  he  was  more  fuccefsful.    According  to  bim 
it  is  to  be  applied  in  the  following  manner  :    Take  four 
ounces  of  quicklime  ;  flake  it  with  twelve  ounces  of  wa- 
fer; add  eight  pounds  more  when  the  ebullition  ceafesj 

mix 
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niix  flit  ounces  of  this  water  with  a  pound  of  benzoin 
in  powder ;  thefe  fubftances  need  to  be  well  (lirred,  in 
order  that  they  may  mix  properly  ;  pour  in  by  degrees 
die  remaining  part  of  the  lime-water ;  when  the  lime- 
water  is  thus  gradually  poured  in,  it  hinders  the  benzoin 
from  collecting  into  a  mafs :  this  liquor  muft  next  be 
heated  for  half  an  hour  by  a  moderate  lire,  and  con- 
ftailtly  ftirred  :  it  is  then  taken  off  the  fire,  and  fuffer- 
cd  to  fettle  for  feveral  hours  together :  the  clarified  li« 
qnoris  now  decanted  off;  eight  pounds  of  water  are 
poured  upon  the  refidue ;  it  is  boiled  for  half  an  hour, 
and  then  mixed  with  the  clarified  liquor  before  poured 
off  from  it ;  the  operation  is  finilhed  by  putting  the  re- 
fidue  upon  a  filter,  and  pouring  hot  water  upon  it.  Thefe 
lixiTxa  are  next  reduced  all  to  two  pounds  by  evapora- 
tion ;  a  little  refin  is  feparated  :  when  the  evaporated  li- 
quor is  cooled,  a  quantity  of  muriatic  acid  is  dropped 
upon  it,  till  it  ceafe  to  produce  a  precipitate,  and  the  li- 
quor take  a  difcernible  acid  ta(le  :  the  fait  of  benzoin 

* 

is  then  precipitated  in  powder.  It  is  to  be  edulcorated 
on  the  filter ;  when  it  is  wanted  in  crydals,  it  is  diffol- 
ved  in  five  or  fix  times  its  weight  of  boiling  water  ;  it 
ii  then  filtrated  through  a  cloth,  and  the  folution  flowly 
cooled  }  the  fait  is  depofired  in  oblong  comprcffcd  prifms. 
In  this  procefs  the  lime  abforbs  the  benzoic  acid,  and 
forms  with  it  calcareous  ber.zcate,  which  is  veryfoluble; 
and  the  refm  is  feparated  from  that  fait,  which  has  but 
very  little  affinity  withtt.  The  muriatic  acid  which  at- 
traSs  lime  with  more  force  than  the  benzoic  acid,  feizes 
that  earth,  and  feparatcs  the  vegcts.ble  acid.  The  li^ 
quor,  when  reduced  to  two  pounds  by  evaporation,  is 
no  longer  fuRIcient  to  maintain  the  acid  in  folution,  and 
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it  is  therefore  almoft  all  depofited.  Calcareous  benzoate 
has  not  the  fmell  of  benzoin ;  but  as  foon  as  the  benzoia 
is  feparated  by  the  muriatic  add^  it  takes  that  livdj 
fmell  which  is  peculiar  to  this  balfamic  fubftance.  By 
this  procefs  S(:heele  obtained  twelve  or  fourteen  drachms 
of  benzioc  acid  from  the  pound  of  benzion ;  whereas 
fublimation  affords  only  nine  or  ten.  He  farther  informs 
us,  that  the  purification  of  this  fait  by  hot  water  and  by 
cryftallization,  caufes  a  great  quantity  of  it  to  be  \o% 
and  is  by  no  means  neceflary  to  prepare  it  for  pharma- 
ceutical  purpofes.  In  fad,  this  fak,  when  properly  cry- 
ftallized,  is  very  difficult  to  be  reduced  to  powder ;  and 
the  defign  of  the  purification  is  to  feparate  only  aboot 
two  grains  of  refm^from  the  pound  of  benzoin.  Laftlyi 
He  remarks,  that  the  filtration  of  this  acid,  diflblved  in  wa- 
ter, can  be  eflfecled  only  through  a  linen  cloth.  The 
fait  being  feparated  quickly,  as  the  liquor  cools,  flops  op 
the  pores  of  paper,  fo  that  the  filtration  cannot  take 
place. 

Since  thefe  experiments  of  Scheele'swere  made  known 
to  the  world,  M.  Lichtendein  has  publifhed  in  Germa- 
ny fome  obfervations  on  the  benzoic  acid  ;  in  which  he 
afferts,  that  fublimation  affords  more  of  this  acid  than 
the  procefs  by  lime-water }  but  I  agree  with  Scheele  and 
Morveau,  in  thinking  that  this  can  be  faid  only  of  the 
purified  acid. 

The  purified  benzoic  acid  has  a  tafle  fomewhat  four, 
pungent,  hot,  and  acrid ;  its  fmell  is  only  a  little  aro- 
matic ;  it  communicates  an  high  red  colour  to  the  tinc- 
ture of  turnfoi. 

Heat,  while  it  volatilizes  this  acid,  increafes  its  fmell 
amazingly.    When  expofed  in  a  filver  ladle  to  the  heat 

produced 
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produced  by  the  blow-pipe,  it  becomes  liquid,  as  has 
been  obferved  by  M.  Lichtenftein,  and  evaporates  with- 
out inflammation.  When  fuffered  to  cool,  it  forms  a 
folid  crufl:,  which  exhibits  on  its  furface  fome  marks  of 
cryftallization  in  divergent  radii.  It  does  not  burn  with 
flame,  unlefs  when  in  contaft  with  bodies  that  are  burn- 
ing with  a  ftrong  flame.  Burning  coal  only  fublimates 
it  rapidly. 

Air  appears  to  have  no  power  of  a6Ung  on  this  acid  ; 
for  after  being  preferved  twenty  years  in  a  glafs-veflel,  a 
quantity  of  it  was  ftill  very  pure,  and  had  loft  nothing 
of  its  weight :  it  lofes  its  fmell  indeed ;  but  that  it  re* 
gains  by  heat. 

The  benzoic  acid  is  fcarce  foluble  in  cold  water.  It 
appears  from  the  experiments  of  Meflfrs  Wenzel  and 
Lichtenftein,  that  400  grains  of  cold  water  diflblve  no 
more  than  one  grain  of  this  acid ;  but  the  fame  quanti« 
ty  of  boiling  water  diflblves  twenty  grains  of  it ;  nine- 
teen of  which  are  feparated  by  cooling.  Bergman  fays, 
that  boiling  water  diflblves  one  twenty-fourth  of  its 
own  weight,  and  that  water  of  a  moderate  temperature 
diflblves  fcarcely  one  five-hundredth  part. 

The  benzoic  acid  combines  with  all  earthy  and  alka- 
line bafes,  forming  with  them  benzoates  of  aluminous 
earth,  barytes,  magneiia,  lime,  potafli,  foda,  and  am- 
moniac. We  know  not  the  particular  charaderiftic 
properties  of  each  of  thefe  combinations,  nor  the  dif- 
ferent affinities  of  the  acid  with  each  of  thefe  bafes. 
M.  Lichtenftein  aflerts,  that  it  prefers  the  fixed  alkalis, 
and  even  ammoniac,  to  aluminous,  magnefian,  or  calca-^ 
reous  earth ;  but  a  great  many  more  experiments  are 
n^ceiTary  to  determine  exa£lly  the  order  of  thefe  aff 
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lies  :  And  thefe  are  the  more  neceffary,  becaufe  Berg* 
man  has  given  a  diiTerent  account  of  them.  Accor* 
ding  to  him,  lime  feparates  the  alkaline  bafes,  and  barytet 
feparates  lime  :  it  difeiigagcs  carbonic  acid  from  all  of 
ihefd  bafcs. 

The  concentrated  fulphuric  acid  diflblves  it  eafily  with- 
out either  noife  or  heat,  according  to  the  fame  chemiil} 
but  palTes,  in  confequeiice  of  effcding  this  folutioo,  ioto 
the  ftate  of  fulphureous  acid  ;  the  benzoic  acid  may  be 
fcparaled  from  it  unaltered  by  water. 

The  nitric  acid  likewifes  diflblves  it,  and  gives  It  if 
in  the  fame  manna*  to  water  without  alteration.  H 
de  Morveauhas  caufed  thefe  two  bodies  to  re-aft  on  cadi 
other  with  additional  force  by  the  application  of  hat. 
The  nitrous  gas  was  not  difengaged  till  the  end  of  the 
operation ;  and  the  benzoic  acid  was  feparated  without 
lofs,  and  without  alteration.  M.  Hermlladt,  however, 
fays,  that  when  the  concentrated  nitrous  acid  is  eai< 
ployed,  the  benzoic  acid  becomes  fluid,  and  more  fixed 
in  its  nature,  and  aflumes  the  charafteriftics  of  the  tar- 
tareous  or  oxalic  acid  :  but  new  refearches  arenece&lj 
to  ellablifli  the  truth  of  this  refult,  to  which  little  cooGr 
dence  can  at  prefent  be  given.  That  which  appear*  to. 
be  mod  certain  concerning  this  acid  is,  that  it  diffeniR 
its  nature  and  properties  from  all  other  vegetable  acid% 
and  retains  in  it  an  eflential  oil,  to  which  it  owes  iu 
fmell,  volatility,  combuitibility,  and  folubilit)-,  in  aIco« 
Uol. 


CHAP     VI. 


Hf  Vigetdble  Adds^  partly  faturaied  with  Potajh^  and 

of  the  fame  Acids  pure. 


IN  the  fourth  chapter,  we  mentioned  a  particular  clafs 
of  vegetable  adds;  which,  we  faid,  were  m  part 
combined  with  potafh.  We  know  of  two  acids  of  this 
charader,  the  acid  of  tartar,  and  the  acid  of  forrel.  We 
call  thefe  acids  which  are  partly  neutralized,  acidula ; 
the  one  is  the  tartareous,  the  other  the  oxalic. 


%  \.  Of  the  Tartarecus  Acidula^  or  Tartar^  and  of 

the  pure  tartareous  Acid. 

THFl  tartar  fold  in  the  fhops  is  an  eflential  acid  fait, 

comb  ined  with  a  portion  of  potafh  and  of  oil,  which  is 

depolited  on  the  (ides  of  hogfheads  containing  wine,  du. 

ring  the  inenfible  fermentation  of  the  wine.    It  is  nots 

as  fome  cbemifts  have  thought,  a  produ£l.of  vin      fer« 
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mentation ;  for  Rouelle  the  younger  has  found  it  My 
formed  m  mud  and  in  verjuice.  Many  other  chemifts 
have  fince  found  it  fully  formed  in  various  fruits. 

It  is  in  the  form  of  irregular  plates  arranged  in  ftratSi 
often  full  of  brilliant  cryflals^  and  of  an  acid  vinous 
tafte.  It  is  diflinguifhed  into  white  and  red  tartar; 
the  latter  of  which  diflfers  from  the  former  only  in  con- 
taining a  greater  quantity  of  colouring  eictraffcive  mat* 
ten 

Crude  tartar,  when  expofed  to  fire  in  clofe  veffebi 
afTords  a  reddifh  acid  phlegm,  an  oil  that  is  at  firft  lighti 
but  afterwards  ponderous,  coloured,,  and  empyreumadc, 
a  little  ammoniac,  and  a  great  quantity  of  carbonic 
acid,  which  Hales,  Boerhaave,  and  many  other  chemifts 
have  taken  for  air.  There  remains  a  coal  which  con- 
tains a  good  deal  of  carbonate  of  potafli,  ^d  is  eafily 
incinerated.  By  the  combuftion  and  incineration  of 
tartar,  fixed  alkali  is  obtained  in  a  (late  of  confiderable 
purity.  For  this  end,  the  tartar  reduced  to  powder  is 
put  into  rolls  of  paper  fteeped  in  water ;  they  are  then 
put  into  a  furnace  between  two  layers  of  coal ;  the  coal 
is  kindled,  and  the  tartar  is  then  burnt  and  calcined : 
when  the  fire  is  extinguifhed,  the  rolls  are  taken  out, 
and  are  found  to  retain  their  form ;  the  matter  which 
they  contain  is  lixiviated  with  cold  diftilled  water  :  This 
lixivium  is  filtered,  and  evaporated  to  a  pellicle ;  it  is 
fuffercd  to  cool,  in  order  to  feparate  from  it  the  fulphatc 
of  potafh,  which  is  formed  by  reft ;  the  water  is  decant- 
ed from  above  this  fait,  and  it  is  evaporated  and  cryftal- 
lized  anew,  till  it  ceafe  to  yield  fulphate  of  potafh ;  it  is 
then  evaporated  to  drynefs,  and  by  this  means  affords 
I  potaib, 
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potaOi,  partly  caullic,  and  partly  combined  with  carl 
add. 

It  is  very  difBcutt  to  diflblve  tartar  in  water;  for 
ounce  of  water,  lo  degrees  above  the  freezinj;  poi 
diflblves  only  four  grains  of  tartar.     Ax  it  contains  a 
good  deal  of  oily  colouring  matter^  it  is  puritied  by 
iblution  and  cryllallization  at  Aniaen  and  Calvifbii,  in 
die  ndghbourhood  of  Montpelier.     Dodor   Fizes 
Toured    the  public  with  an    account  of  this    purifii 
lion,  in  a  Memoir  printed  among  the  Memoirs  of 
Academy  for  the  year  1725.. 

The  tartar  is  boiled  in  water ;  the  boiling  folution  is  -^ 
filtrated ;  as  it  cools  it  becomes  turbid,  and  depofices 
irregular  cryllals,  which  form  a  pafte.  This  pade  is 
boiled  in  copper  vefTels  with  water,  in  which  there  is. 
mixture  of  clayey  earth,  which  comes  from  the  nli 
of  Meiviel,  two  leagues  dUlant  from  Montpelier. 
froth  gathers  on  the  furfaceof  the  liquor,  which  is  c: 
fally  Ikioiiued  off,  and  is  fucceeded  by  a  faline  pellii 
I'be  fire  is  then  abated  ;  and  the  pellicle  being  broi 
mixes  with  the  cryftals  which  are  precipitated  froi 
the  folution :  thefe  cryftals  are  walhed  with  water,  to 
purify  them  entirely  from  a  mixture  of  earth,  with 
which  they  are  contaminated,  and  fold  under  the  ns 
of  cream  or  cryjiah  cf  tartar ;  the  only  diiference 
tween  the  cream  and  the  cryftab  being,  that  the  ere; 
is  cryftallized  on  the  furface,  whereas  the  cryftals 
depofited  af  the  bottom  of  the  liquor.  The  white  cl 
appears  to  fe;T.-e  the  piirpofe  of  feparating  from  the 
tar  the  fi^perfluous  oily  and  extractive  matter  whtc 
conuins. 
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At  Venice,  tartar  is  purified  in  a  way  fomenrhat  difi 
ferent  from  this,  according  to  M.  Defmaret's  account 
The  fait  is  reduced  to  powder,  and  diflblved  in  boiling 
water ;.  it  is  fuffered  to  depofite  any  impure  macten 
which  it  contains  ;  and  thefe  are  carefully  taken  cut : 
the  liquor  then  affords  cryftals  hy  reft  and  cooling. 
Thefe  cryftals  are  again  diflblved  in  water,  which  is  ex- 
pofed  to  a  gentle  heat :  when  this  new  folution  is  heat- 
ed to  ebullition,  bfaten  whites  of  eggs  ^d  aflics,  pre^ 
vioufly  paifed  through  a  fieve,  ^e  put  into  it*  Ibis 
mixture  of  afhes  is  repeated  14  or  15  times;  the  fcom 
produced  by  the  effervefcence  of  the  liquor  is  taken  off; 
and  it  is  then  fuffered  to  fettle.  A  pretty  white  peUidei 
9nd  faline  cryftals  of  the  fame  colour,  are  foon  formed : 
the  water  is  then  decanted  off,  and  the  (ait  dried.  Bj 
this  method  th^  nature  of  the  tartareous  acidulum  is  ift 
fome  degree  altered,  and  a  part  of  it  is  changed  into 
tartarite  of  potafh.  The  cream  of  tartar,  or  purified  tar- 
tar of  Monrpelier,  muft  be  the  fubje£l  of  our  examina- 
tion, in  order  that  we  may  underftand  ^h?  nature  of  the 
pure  tartareous  acidulum^ 

The  tartareous  acidulum,  when  very  pure,  is  cryftai- 
lized,  but  in  an  irregular  manner*  Its  tafte  is  four, 
and  not  fo  vinous  as  that  of  crude  tartar.  When  it  i$ 
put  pn  a  burning  coal,  it  diffufes  a  good  deal  of  fmoke 
of  a  pungent  empyreumatic  fmell ;  and  becomes  black 
and  carbonaceoqs.  When  this  fubftance  is  fubmitted 
to  diftillation  in  an  earthen  retort,  with  a  balloon  ter- 
minating in  a  tube,  entering  a  heli-glafs  full  of  water, 
it  affords,  if  the  fire  be  gradually  applied  to  it,  a  phlegm 
which  is  at  firft  a  little  coloured,  and  fomewhat  add : 
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diere  pafles  after  this  an  acid  which  is  ftronger  and  of 
a  deq>er  colour ;  an  oil  which  by  degrees  acquires  co- 
lour and  confiftency,  and  has  an  empyreumatic  fmell ; 
ammoniacal  carbonate ;  and  a  large  quantity  of  carbo-* 
nic  acid.    In  the  retort,  there  remains  a  good  deal  of 
coaly  which,  when  lixiviated  without  incineration,  affords 
a  large  proportion  of  potaflu    All  of  thefe  produds  may 
be  rectified  by  a  new  diftillation  at  a  moderate  fire.  The 
phlegm  paffes  almoft  colourlefs ;  the  oil,  by  this  redi* 
fication,  becomes  very  white  and  volatile ;  the  ammoniac 
is  in  pout  combined  with  the  acid,  and  can  only  be  ob- 
tained feporate  and  pure  by  diftilling  the  lad  portions 
of  the  phlegm  with  an  addition  of  potafli.    With  refpeft 
Co  the  coal,  the  potaib  which  it  contains  is  not  produced 
in  the  courfe  of  the  operation,  as  has  been  thought  by 
feme  chemifts  not  well  acquainted  with  the  nature  of 
cram  rf  tartar ;  but  exifts  in  it  ready  formed  before 
the  operation.    The  produdion  of  the  ammoniac  is 
owing  to  the  re-aftion  of  this  alkali  on  the  oil.    A 
ftill  greater  quantity  of  the  volatile  fait  may  be  obtain* 
ed   by  diftilling  the  oil  obtained  from  the  tartareous 
acidulum  upon  the  coal  which  it  leaves,  when  analyfed 
in  the  retort.    The  proximate  caufe  of  the  formation 
of  the  ammoniac  is  the  combination  of  the  azote  of 
the  potafli  with  the  hydrogene  difengaged  from  the 
oil. 

The  tartareous  acidulum  fuffers  no  alteration  from 
air.  It  diffolves  in  twenty-eight  parts  of  boiling  water, 
and  cryftaUizes  by  coolings  but  in  a  very  confufed  man- 
ner. There  is  a  certain  quantity  of  earth  feparated 
from  the  Iblution  of  this  fait,  which,  no  doubt,  is  a  part 
of  the  eardi  that  was  employed  to  pmfil^  iL    This  fo« 
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lution  reddens  the  tindure  of  turnfol,  and  has  an  acid 
tafte.  When  left  ezppfed  to  the  air,  it  becomes  torbidi 
and,  after  feme  time,  depofites  mucilaginous  flakes: 
the  acid  is  then  decompofed,  and  the  liquor  is,  after 
this,  ft)und  to  contain  nothing  but  carbonate  of  potaih. 
M.  de  Machy  was  the  iirft  who  obferred  this  decompo* 
fition.  MeiTrs  Spielman  and  Corvinus  likewife  attend- 
ed to  it ;  but  M.  Berthoilet  has  obfeniEed  it  with  (till 
greater  accuracy  than  any  former  philofopher.  He  hn 
obferved,  that  two  ounces  of  tairtareous  adduhim  rer 
quire  eighteen  months  before  they  can  be  entirely  dfr 
compofed ;  that  thefe  two  ounces  will  afford,  in  dot 
time,  lix  and  a  half  drachms  of  carbonate  of  polaflii 
ftill  oily,  and  mixed  with  a  fmaU  quantity  pf  caxbcma/* 
Ceou$  matter ;  and  that,  therefore,  the  quantity  of  alkali 
obtained  by  this  means  from  the  tartareous  actdukiB  ii 
predfely  the  fame  which  it  would  zSord  by  comboflifln 
and  calcination.  The  alkaline  refidiie  which  r^inaiBi 
after  the  diftillation  of  this  acidulum,  and  this  iponta- 
ncous  decompofition,  prove,  therefore,  that  it  contain! 
a  proportion  pf  potafb,  nearly  equal  to  one*fourth  of  its 
weight. 

We  know  nothing  of  the  adion  of  filiceous,  and  vfr 
ry  little  of  the  a£tion  of  aluminous  earth,  and  baryteioa 
the  tartareous  ^qidulum.  The  chemifts  of  the  Academy 
of  Dijon  have  obferved,  that  magnefia  forms  with  tJu 
acidulum  a  foluble  fait,  liable  to  be  decompofed  bj  fizr 
ed  alkali ;  the  folution  of  which  affords,  by  evaperadoa 
in  the  open  air,  fmall  prifmatic  radiated  cryftals.  ^Vliei 
expofed  to  fire,  this  tartarited  magnefia  emits  bubble^ 
and  is  converted  into  a  light  coal.  M.  PouUetier  de  b 
Salle  obtained  6*001  this  combination,  a  gelatinous  mafc 
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jperfe&ly  like  a  mucilage.  Thefe  phaenomena  depend 
on  the  particular  ftate  of  the  tartareous  addilluci^ 
which  is  in  part  fatilrated  in  this  ttidulated  regetabl^ 
acid. 

A  liumber  of  cheihifts  have  giren  v6ry  good  defcrip^ 
tidns  of  tbe  Uiannet  in  which  lime  and  chalk  affed  the 
tartareouk  acidulum.  When  chalk  is  caft  into  a  folu- 
tion  of  this  addulum^  an  effervefcence  takes  place,  ow- 
iilg  to  the  difi^gagement  of  the  carbonic  acid,  and  a 
Very  copious  prteipitate  is  formed ;  the  precipitate  is  a 
combination  of  lime  with  the  tartareous  acidulum.  The 
fupematant  liquor  contains  a  nebtral  fait  ready  formed 
ill  the  acidulum^  or  tream  tf  tartar^  which  confifts  of 
tbe  pure  acid  in  union  with  potafli :  This  (alt^  as  we 
will  her^ter  fee^  has  been  improperly  called yo/tr^/f  /or- 
iar.  We  are  indebted  to  Rouelle  the;  younger  for  this 
analyfis  df  thtf  tartareous  aeidulum  by  chalk.  It  proves, 
I*  That  this  fubftance  eoniUls  of  an  excefs  of  oily 
acid,  and  a  certain  quantity  of  the  fame  acid,  united 
with  potafh  in  the  ftate  of  a  neutral  falt^  2.  That  the 
tombination  of  the  tartareous  acid  with  lime,  forms  a 
neutral  falr^  which  is  fcarcely  foluble.  M.  Prouft  has 
difcovered,  that  calcareous  tartarite^  diftilled  in  a  retort, 
leaves  a  refidue  that  takes  fire  in  the  air  like  tbe  pyro- 
phorus. 

The  tartareous  acidulum  very  readily  combines  with 
the  different  alkalis.  Put  into  a  folution  of  carbonate  of 
potafh  a  quantity  of  tartareous  acidulum  in  powder ;  a 
lively  effervefcence  is  produced  by  the  difengagement 
of  the  carbonic  acid  :  let  acidulum  be  added  till  the 
alkali  be  faturated  }  after  boiling  this  liquor  fpr  half  an 
hour,  filtrate  it^  evaporate  the  filtrated  liquor  to  a  pel- 
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licle,  and  fufFer  it  to  cool  flowly ;  oblong  fquare  cryftalsf 
terminating  ilopewife  at  two  of  their  extremities,  will 
be  formed.  This  fait  has  been  called  vigetable  fab^fi- 
luble  tartar^  tartafiz^d  tartar  /  but  it  ought  to  be  called 
tartarite  ofpotajh.  Its  tafte  is  bitter  ;  when  ezpofed  to 
a  flrong  heat,  it  becomes  carbonaceous  :  it  may  be  de« 
compofed  in  a  retort ;  and  it  then  affords  an  add  phlegm, 
oil,  a  good  deal  of  carbonic  acid,  and  a  little  ammo- 
niacal  carbonate.  It  attra£ts,  in  fome  degree,  the  moi- 
fture  of  the  atmofphere.  It  diflfolTes  in  fbor  parts  of 
ivater  heated  to  the  temperature  of  40*.  lliis  folutioD 
is  decompofed  of  itfelf  in  a  few  months ;  and  it  then 
leases  tartareous  acidulum  in  combination  with  carbonic 
acid.  The  mineral  acids  decompofe  it,  and  precipitate 
the  tartareous  acidulum.  It  is  aUb  decompofed  by  moft 
metallic  folutions.. 

The  tartareous  acidulum,  combined  with  Ibda,  ibmi 
the /ah  of  Seignette^  who  was  an  apothecary  of  Rochelie, 
and  the  firft  that  made  up  this  combination ;  we  gife 
it  the  name  of  tartarite  offoda.  To  prepare  it,  put  ao 
ounces  of  the  acidulum  of  tartar  into  four  pounds  of 
boilifig  water ;  add  by  degrees  very  pure  cryftallized 
carbonate  of  foda,  till  the  acidulum  be  faturated ;  that 
is,  till  the  addition  of  the  alkaline  fait  no  longer  pro- 
duce any  effervefcence.  This  combination  renders  die 
tartareous  acidulum  foluble.  Evaporate  the  liquor  al* 
mod  to  the  confiftency  of  fyrup ;  and  you  then  obtain 
from  it,  by  cooling,  very  beautiful  and  regular  cryftab, 
often  of  a  confiderable  iize.  Thefe  are  prifms  with  fix, 
eight,  or  ten,  unequal  fides,  with  their  extremities  trun- 
cated at  right  angles.  Thefe  prifms  are  generally  di- 
vided longitudinally  into  two  }  and  the  bafe  on  which 
2  the; 
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Ihey  ftaiid  is  marked  with  two  diagonal  lines,  which 
crofs  each  other  fo  a^  to  divide  it  into  four  triangles. 
Tartarite  of  foda,  which  wai  at  firft  fold  as  a  fecret^ 
and  which  was  difcovered  at  the  fame  time  by  both 
Boulduc  and  Geofiroy  in  the  year  1731,  has  a  bitter 
tafte.  It  is  decompofable  by  fire,  like  tarurite  of  potaih  ; 
it  cfflorefces  in  the  air,  on  account  of  its  containing  a 
good  deal  of  water  in  its  cryftals :  it  is  almoft  as  foluble 
as  tartarite  of  potafli ;  and  is,  like  it,  decompofable  by  air, 
by  mineral  adds,  and  by  metallic  folutious.  llie  mo- 
ther-water of  this  fait  contains  that  portion  of  tartarite 
of  potaih  which  entered  into  the  xompofition  of  the 
tartareous  acidulum. 

Ammoniac  forms  with  the  acidulum  of  tartar  an  am* 
moniacal  tartarite,  which  cryftallizes  very  well  by  era* 
poration  and  cooling.  Bucquet  fays,  that  its  cryftals  are 
rfaomboidal  pyramids.  Macquer  law  Ibme  of  them  in 
large  prifins,  of  four,  five,  or  fix  fides ;  others  fwelled 
in  the  middle,  and  terminating  in  very  acute  points  ; 
and  the  Academicians  of  Dijon  obtained  this  fait  in  pa- 
rallelopipeds,  with  two  alternate  floping  fides.  This 
fait,  ammoniacal  tartarite,  has  a  frefh  tafte,  and  is  de- 
compofable by  fire  :  it  efilorefces  in  the  air ;  it  is  more 
Ibluble  in  hot  than  in  cold  water  ;  and  it  cryftallizes  by 
cooling :  lime  and  the  fixed  alkalis  difengage  the  am- 
moniac \  the  contact  of  air,  mineral  acids,  and  metallic 
Solutions,  decompofe  it.  It  appears,  that  when  this  fait 
is  prepared,  the  tartarite  of  potaih,  which,  in  union  witb^ 
the  tartareous  acid,  conftituted  the  acidulum,  or  cream  of 
tartar^  remains  in  the  mother-water. 

Pott  and  Margraff  have  treated  the  tartareous  acidu- 
lum with  mineral  acids  \  and  the  latter  •obfaiaed  nentraL 
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fairs,  the  fame  with  thofe  which  the  fame  acids  forflt 
with  potafh  :  from  which  he  has   inferred,  that  potab 
exifts  ready  formed   in  the  acidulum.    Rouelle  tht 
younger,  who  profecuted  a  fmiilar  train  of  experimentSf 
obtained  the  fame  refuhs.    On  throwing  a  pound  of 
concentrated  fulphuric  acid  on  an  equal  weight  of  tar- 
tareous acidulum  in  a  very  fine  powder,  the  'mixture 
becomes  hot  •;  the  reciprocal  a&ion  of  the  two  fubftancet 
may  be  promoted  by  the  heat  of  a  balneum  mariaf  and 
by  ftirring  them  with  a  fpatula  of  glafs  :  let  the  heat  be 
continued  for  ten  or  twelve  hours;  the  mixture irill 
then  become  thick  like  a  jelly  :  then  pour  upon  it  tvo 
or  three  ounces  of  boiling  diftilled  water,  to  render  it 
fluid  J  and  leave  it  on  the  balneum^marUB  for  about  tvo 
hours ;  then  take  off  the  fire,  and  add  three  pintt  of 
boiling  diftilled  water :  the  folution  is  now  coloured 
and  opaque ;  it  contains  naked  fulphuric  acid,  a  portioa 
of  tartareous  acidulum,  not  decompofed,  and  fulphate 
of  potafh.    Saturate  the  excefs  of  fulphuric  acid  widi 
chalk ;  a  precipitate  of  fulphate  of  lime,  with  a  fmall 
portion  of  tartareous  acidulum,  is  then  produced :  fiU 
trate  the  mixture,  and  evaporate  the  filtrated  liquor ; 
it  now  affords  fo  much  tartareous  acidulum  and  fulphate 
of  lime,  that  it  is  reduced  to  eighteen  or  twenty  ounces. 
It  is  next  decanted  and  evaporated  anew }  and  k  af*- 
fords,  by  reft,  cryftals  of  fulphate  of  potaih ;    which 
may  be  thus  obtained  by  repeated  evaporation  and  cry- 
ftallization,  till  the  whole  folution  be  exhaufted.    This 
fait  is  always  mixed  with  ar  little  of  the  tartareous  aci- 
dulum, and  it  burns  upon  red  iron  ;  but  when  lixiviated 
with  a  fufficient  quantity  of  diftilled  water,  it  is  diflblved, 
and  the  acidulum  remains  on  the  bottom  of  the  veffeL 
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Yhis  procefs  has  been  defcribed,  and  fuccefsfiilly  re« 
peatedy  by  M.  Bemiard,  after  Rouelle. 

The  nitric  and  the  muriatic  acids,  when  treated  in 
the  fame  manner  with  the  tartareous  acidulum,  af- 
ford mtrate  and  muriate  of  potafh ;  which  proves  in« 
controvertiblj  the  exiftence  of  potafh  in  that  fub^ 
ftance. 

The  tartareous  addulum  acquires  folubility  by  union 
with  borax  and  the  boracic  acid.  According  to  the 
experiments  of  M.  de  Laflbne^  one  part  of  the  latter 
fak  wOI  render  four  parts  of  the  tartareous  aciduluoi 
foluble.  This  mixed  folution  affords^  by  evaporation^ 
a  grcenifli  gummy  fait,  which  is  very  acid.  Common 
borax,  when  added  to  the  tartareous  acidulum,  converts 
a  part  of  the  acid  into  tartarite  of  foda^  in  confequence' 
of  the  foda  which  it  contains. 

The  tartareous  acidulum  appears  to  be  capaUe  of 
uniting,  without  decompofition,  with  moft  metallic  fub- 
fiances ;  as  has  been  ihown  by  M.  Monnet,  and  the 
chemifts  of  the  Academy  of  Dijon.  But  as  all  of  thefe 
combinations  have  been  but  very  little  examined,  we 
fliall  here  fpeak  only  of  thofe  in  which  the  acidulum  is 
combined  with  antimony,  mercury,  lead,  and  iron ; 
becaufe  thefe  compounds  are  better  known,  and  are 
.jnoftly  employed  in  medicine. 

The  combination  of  the  tartareous  acidulum  with 
antimony  bears  the  name  of  Jiibiatedy  or  antimoniated 
tartar.  It  confifts  of  tartarite  of  antimony  and  potafli. 
As  it  is  one  of  the  moft  valuable  medicines  which  che- 
miftry  can  fupply,  we  muft  examine  its  properties  with 
care.  Since  the  time  of  Adrian,  who  firft  made  it  known 
to  the  world  in  the  year  16319  the  method  of  preparing 
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It  has  been  much  varied.  All  the  pharmacopceia!,  is 
veil  as  the  works  of  chemiftsy  differ,  either  in  refpeft  to 
the  antimohial  fubftances  to  be  employed  in  this  prepa- 
ration, or  in  tefped  to  the  proportions  in  which  tbdtf 
the  water,  and  the  tartareous  acidulum,  are  to  be  mix- 
ed ;  or,  laftly,  in  refped  to  the  pl-ocefs  by  which  thefe 
fubllaiices  are  to  be  united  in  ftibiated  tartar.  In  Berg- 
man's DilTertation  on  this  medicine^  there  is  an  excellent 
table  of  the  various  procefles  which  have  been  given 
for  the  preparation  of  tartarite  of  atitimony.  The  fub- 
limated  vitreous  white  oxide,  the  brown,  and  the 
orange-coloured  oxides  of  antimony^  have  been  fuccef* 
fively  recommended  for  this  purpofe.  Some  have  di- 
reded  to  boil  thefe  fubftances  with  the  tartareous  adda* 
lum,  and  a  greater  or  a  l^s  proportion  of  water ^  for  ten 
or  twelve  hours  ;  others  think  half  an  hour's  boiling  fuf* 
ficient :  laftly,  feme  writers  prefer  the  evaporation  of  die 
filtrated  lixivium  to  drynefs  ;  while  others  would  hsfe 
It  to  be  cryftallized,  and  only  the  cryftals  ufed  in  medi* 
cine.  From  thefe  various  modes  of  preparation^  it  hap 
pens,  that  tartarite  of  antimony  can  fcarce  ever  be  pur« 
chafed  twice  precifely  of  the  fame  ftrength  and  nature  \ 
and  its  efiecls  can  never  be  depended  upon*  Geoffrey, 
who  had  examined  feveral  forts  oijiibiated  tartar  of  dif- 
ferent degrees  of  ftrength,  found  by  analyfis,  that  di^ 
vic^t^  Jiibiated  tartar  contains  in  the  ounce  from  thirty 
grains  to  a  dram  and  eighteen  grains  of  oxide  of  anti« 
mony  :  that  which  is  moderately  emetic,  a  dram  and  a 
half ;  and  that  which  a£ls  with  moft  energy,  no  lefs  than 
two  drams  and  ten  grains.    The  vitreous  Oxide  of  anti* 
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mony  has  been  preferred  to  other  antimoiuai  fubftancet 
For  this  preparation ;  becaufe  it  diiToIves  eafily  by  the 
icidulam  of  tartar :  but  this  metallic  glafs  may  happen 
Ko  be  more  or  lefs  oxidated:  and  according  as  it  is  more 
or  left  oxidated ,  it  will  be  more  or  lefs  emetic.  How- 
ever, a  tranfparent  vitreous  oxide  of  antimony,  leviga* 
tedy  and  boiled  in  water  with  an  equal  quantity  of  tar- 
tareous  acidulum,  till  the  latter  be  completely  facurated, 
then  filtrated  and  evaporated  by  a  moderate  heat^  affords^ 
by  reft  and  cooling,  cryftals  of  antimoniated  tartarite ; 
die  effeds  of  which,  as  emetics,  may  be  fafely  depended 
npon.  Decant  the  liquor,  evaporate  it,  and  you  obtain 
by  fucceffive  evaporation  a  new  quantity  of  cryftaU«  The 
mother-water  contains  fulphur  and  tartarite  of  potafli, 
with  a  certain  quantity  of  antimoniated  alkaline  ful- 
phore.  When  the  mixture  of  tartareous  acidulum, 
vitreous  oxide  of  antimony,  and  water,  which  were 
boiled  for  the  preparation  of  antimoniated  tartarite,  is 
filtrated,  there  remains  on  the  filter  a  feemingly  ge- 
latinous, yellow,  or  brown  matter,  of  which  Rouelle 
has  taken  notice.  According  to  M.  Prouft,  this  jelly, 
when  diftilledy  affords  a  very  inflammable  pyrophorus. 

Macquer  has  propofed  the  ufe  of  white  oxide,  preci- 
pitated from  muriate  of  antimony  by  water,  inftead  of 
rhe  vitreous  oxide  of  antimony,  lliis  oxide  is  a  vio- 
lent emetic ;  and  Macquer  thought  it  conftant  in  its 
*ffeds.  Bergman  has  adopted  Macquer's  opinion; 
md  in  the  laboratory  of  the  Academy  of  Dijon,  tarta- 
rite of  antimony  has  been  fince  prepared,  according 
to  the  method  of  that  chemift  and  M.  de  Laffone. 
niis  preparation  has  been  very  fucce&fiilly  (employed  s 
:he  requilite  dofe   is  three  graim:; 'iiA  t 
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iocs  not  afied  the  ftomach  ot  the  inteftines  too  ?io- 
lently. 

Taitarite  of  antimony  cryftallizes  in  tribsedral  pyra^ 
mids.    It  is  very  tranfparent ;  it  is  decompofed,  and  ren- 
dered carbonaceous  by  fire ;    lA  the  air,  it  effiorefceii 
takes  a  dead  white  colour,   and  becomes  farinaceous* 
It  diflblves  in  fixty  parts  of  cold  water,  ahd  in  a  milch 
fmaller  proportion  of  boiling  water ;  it  ctyftallizes  by 
cooling  ;  alkalis  and  lime  decompofe  it.  Calcareous  earth 
and  pure  water  in  a  large  proportion^  are  capable  of  de- 
compofing  it ;   and  it  fliould  therefore  be  adminiftered 
only  in  diftilled  water.    Alkaline  fulphiirea,  and  fulphn* 
rated  hydrogenous  gas^  produce  in  its  folutioii  a  preci- 
pitate of  a  red  powder,  which  is  a  kind  of  fulphurated 
oxide  of  antimony  ;  and  may  be  employed  to  afcertaia 
the  prefence  of  this  fait  in  any  liquor  l^ith  which  it  may 
happen  to  be  mixed;    Iron  fei^es  the  tartareous  acidf 
and  feparates  the  oxide  of  antimony :   flibiated  tartar, 
therefore,  ihould  not  be  prepared  in  iron  vefTels.    M< 
Durande,  a  pbyfician  and  profeflfor  at  Dijon,  has  propo- 
fed,  that  this  medicine  ilK)uld  be  publicly  prepared  by 
one  uniform  procefs,  in  the  fame  manner  as  theriaca< 
Such  a  method  could  not  bat   be  very  advantageous ; 
the  phyficians  might  then  all  depend  on  the  effeds  of 
this  medicine.     It  appears  that  tartarite  of  antimony 
contains  that  portion  of  tartarite  of  potafli  which  enter* 
ed  into  the  compofition  of  the  tartareous   acidulam} 
and  is  therefore  a  fort  of  tr^Ie  fait.    The  tartareous 
acid  may  be  combined  with  mercury  in  two  tvays.    The 
one^  which  is  mentioned  by  M.  Monnet^   coefifts  ift 
diffolving  in  boiling  water  lix  parts  of  the  Cartareouf 
acidulum  with  one  part  of  oxide  of  lOercury,  fffecipk 
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tatcd  from  the  nitric  add  by  carbonate  of  potafii.  This 
liquor,  by  filtration  and  evaporation,  afforded  him  cry- 
ftals,  which  were  decompofed  by  pure  water.  The  fe- 
cond  method  of  combining  mercury  with  the  tartar-cous 
acidulum,  is,  by  pouring  a  nitric  folution  of  this  metal 
into  a  folution  of  tartarite  of  potaih  or  foda  :  a  precipi* 
tate  is  thus  obtained,  which  confifts  of  mercurial  tarta* 
rite ;  and  the  nitrite  of  potafh  or  foda  remains  diffblved  in 
the  liquor. 

The  tartareoua  acidulum  a£b  in  a  fenfible  manner 
upon  oxide  of  lead.  Rouelle  the  younger  obferved,  that 
the  tartarite  of  .lead  formed  in  this  operation  does  not 
remain  diflblved  in  the  liquor ;  and  that  the  liquor,  when 
evaporated,  affords  only  pure  tartarite  of  potsUh,  which 
e2dfted,  ready  formed,  in  the  tartareous  acidulum.  This 
is  one  of  the  procei^es  which  he  employed  to  afcertain  th^ 
prefcnce  of  potafli  in  tartar. 

Copper  and  its  oxides  are  eafily  aded  upon  by  the 
tartareous  acidulum :  the  refult  is  a  beautiful  green  fait, 
fufcsptihle  of  cryftallization ;  but  it  has  not  hitherto  been 
crarefuUy  examined. 

Iron  is  one  of  thofe  metals  on  which  the  tartareous 
acidulum  ads  with  the  greateft  efficacy.  A  medicine, 
:aUed  chalybeated  tartar^  is  prepared  by  oiling  four 
ptinces  of  levigat^  iron  filings,  with  a  pound  of  white 
tartar,  in  twelve  pounds  of  water.  When  the  tartar  is 
diflblved,  the  liquor  is  filtrated ;  it  depofites  cryftals ; 
ind  thefe  may  be  repeatedly  obtained  by  evaporating  thf 
nocherrwater.  To  prepare  i»t0tiMdtf^afam^,  H^^i 
make  a  pafte  of  fix  ounces  cf,;|qDfllfi)         im  fjf 

vhite  tartar  in  powder,  and  a;fd% 
ter :  let  this  mixture  ftand  uvdif 
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hours ;  next^  dilate  it  in  twelve  pounds  of  water,  and 
boil  the  whole  for  two  hours,  adding  water  to  fupplj 
the  room  of  that  which  is  evaporated ;  decant  oflF  the  !!• 
quor,  filtrate  it,  and  concentrate  it  to  the  confiftency  of 
a  fyrup,  adding  an  ounce  of  alcohol,  RouUe  obferved, 
that  the  potafli  exifts  at  liberty  in  this  dnfhire;  and  that, 
by  treating  it  with  acids,  neutral  jEdts  are  obtained) 
l^hich  demonftrate  beyond  a  doubt  the  prefence  of  tbc 
alkali.  There  are  two  other  medicines  formed  by  the 
combination  of  the  tartareous  acid  widi  iron ;  one  of 
thefe  is/oluble  martial  tartar^  which  is  a  mixture  canfi(U 
Ing  of  a  pound  of  tarfarized  tinihiri  $f  Man^  with  four 
ounces  of  tartarite  of  potaih,'  evapon^ed  to  drynefs. 
The  other  is  known  by  the  name  of  balls  rf  Mars*  Hhxk 
are  prepared  by  putting  one  part  of  filings  of  fleeU  ^ntb 
two  parts  of  white  tartar  in  powder^  into  a  glafs  veffel, 
with  a  certain  quantity  of  brandy :  when  the  liquor  ii 
evaporated,  pulverize  the  mafs,  and  add  more  brandy, 
which  evaporate  again  as  before  :  repeat  this  procels  till 
the  mixture  become  greafy  and  tenacious  \  then  make 
it  up  into  balls. 

^  Crude  tartar  is  of  great  ufe  in  dyeing  ;  hat-makers 
Ilkewife  make  ufe  of  it. 

The  feveral  preparations  of  the  tartareous  acidulum, 
which  we  have  here  enumerated,  are  chiefly  employed 
in  medicine.  The  pure  tartareous  acidulum  is  thought 
to  be  refreihing  and  antifeptic ;  in  dofes  of  half  an  ounce, 
or  an  ounce,  it  a£ks  as  a  gentle  purge,  without  exciting 
naufea.  Tartarite,  both  of  potafh  and  foda,  is  frequently 
taken  in  dofes  of  a  few  drams,  to  afiift  the  adion  of  other 
purgative  medicines.  Tartarite  of  antimony  is  one  of 
the  mod  ufeful  and  mod  powerful  medicines  which  cbe- 
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miftry  affords.  This  fait  is  emetic,  purgative,  diuretic, 
diaplioretic,  or  difcuffive,  according  to  the  dofes,  and 
the  drcumftances  in  which  it  is  admioiftered.  It  often 
produces  even  all  thefe  effe£b  at  once.  It  may  be  con* 
lidered  as  a  powerful  alterative,  happily  qualified  to  re* 
move  obilm&ions  in  the  vifcera,  when  adminiftered  in 
ignaU  and  repeated  dofes.  It  is  given  as  a  vomit  in  dofes 
of  from  one  to  four  grains,  diflblved  in  a  few  glafles  of 
water.  A  grain  of  it  is  fometimes  mixed  with  other 
medicines  to  aifift  their  a£tion :  laftly.  It  adts  as  an  altera^ 
tive  when  taken,  half  a  grain  at  a  time,  diluted  in  a 
large  proportion  of  water.  M.  de  Laflbne  has  difcover* 
ed,  that  tartarjte  of  antimdfly  is  rendered  very  foluble 
in  water,  by  mixing  with  it  ammoniacal  muriate ;  and 
that  there  refults  from  this  inixture  a  fait  of  a  nature  fi« 
snibur  to  that  of  anunoniaco-mercurial  muriate.  Thb 
new  triple  fait  cannot  but  produce  very  powerful  effeds 
on  the  animal  oeconomy .  Chalybeated  tartar^  foluble 
ffariial  tartar^  and  the  tartariT^cd  iinilure  of  l^Iars^  are 
employed  {is  tooics  and  aperitives. 

buch  are  the  properties  of  the  native  tartareous  aci« 
dulum,  or  of  the  tartareous  acid,  combined  by  nature 
with  a  certain  quantity  of  potafh.  It  was  requifite  to 
examine  it  with  care,  as  it  is  fo  very  ufeful,  and  fo  very 
much  employed.  But  this  is  not  the  pure  tartareous 
^d ;  and  it  is  of  no  lefs  importance  to  know  the  cha* 
raAeriftic  properties  of  that  fubftance.  M.  Retzius  has 
publiihed,  in-  the  Memoirs  of  Stockholm  for  the  year 
s  770,  a  procefs  invented  by  Scheele  for  extra£^ing  and 
purifying  this  acid.  Into  a  folution  of  two  pounds  of 
the  tartareous  acidulum^  in  boiling  water,  put  waflied 
^halk,  till  fuch  time  a$  it  ceafc  to  produce  effervefcence, 
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and  there  be  no  longer  any  of  the  acid  in  a  ftate  of  U« 
berty  :  the  quantity  requifite  is  fomewhat  more  than  & 
fourth  part  of  the  weight  of  the  adduliim  {  take  out  the 
precipitate  of  calcareous  tartarite  which  is  now  formed, 
place  it  on  a  filtre,  and  wafh  it  with  cold  water ;  there 
are  ufually  thirty-two  or  thirty-three  ounces  of  it,  oa 
account  of  its  containing  water.  The  liquor  decaatid 
from  above  the  precipiute,  affords  by  evapontion  i 
quantity  of  tartarite  of  potafli,  which  has  not  been  ds» 
compofed,  equal  nearly  to  half  the  addulum  employed. 
Pour  upon  the  calcareous  tartarite,  in  powder^  nine  snd 
a  half  ounces  of  concentrated  fulphuric  acid,  diluted  ia 
five  pounds  five  ounces  of  water ;  leave  this  miztore  to 
digeft  for  twelve  hours,  ftirring  it  from  time  to  time^ 
Decant  the  liquor  from  above  the  fulphate  of  lime }  efa« 
porate  it,  after  afcertaining  that  it  contains  no  fulphuric 
acid.  In  order  to  that,  pour  into  it  a  few  drops  of  acfr^ 
tite  of  lead,  or  fait  of  Saturn :  if  the  precipitate  thui 
produced  be  foluble  in  vinegar,  the  Ibdvium  may  be  in- 
ferred to  contain  no  fulphuric  acid ;  but  if  the  precip^ 
tate  cannot  be  diflblved  in  that  fermented  acid,  the  lixi^ 
vium  ftill  contains  fulphuric  add,  which  may  be  fq»- 
rated  by  digefting  it  on  a  certain  quantity  of  calcareous 
tartarite.  Lime  may  be  ufed  inftead  of  chalk  in  the 
procefs  for  obtaining  the  tartareous  acid  :  But  as  that 
alkaline  earth  decompofes  the  tartarite  of  potafh  con- 
tained in  the  tartareous  aciduium,  the  lixivium,  when 
lime  is  ufed,  contains  only  alkali  inflcad  of  tartarite  of 
potafh,  as  in  the  former  procefs.  The  ufe  of  quicklime 
in  this  decompofition  affords  more  of  the  acid,  becaufe 
lime  decompofes  twice  its  weight  of  tartareous  acidu- 
ium* 


Of  the  Tartarean  AciduSttm, 


27J1 


The  ptire  tartarcous  aciilulum  obtained  ia  a  liquid 
tate  by  either  of  thefe  procctles,  mult  be  evaporated  to 
[ddrynefs  ;  then  diflblved  again,  and  cryflalUzed,  either  by  I 
I  Jlow  evaporation,  according  to  M.  P.Tscken  ;  or  by  cooU  i 
I  Ing  the  evaporated  liquor  to  the  conliftency  of  a  clear  ■( 
I  Jjrup»  according  to  Bergman.    It  is  obtained  in  the  J 
I  £itm  of  fmall  Oiarp-pointed  needles,  or  minute  prifms;  ■ 
\Ak  form  of  which  it  is  fcarce  poflible  to  determine*. 
Bergman  defcribes  them  as  divergent  leaves  \  M.  Ret- 
ziui  compares  them  to  hairs  intwined  together :  They  I 
are  at  flrlt  very  white  ;  thofe  obtained  towards  the  end* 
of  the  operation  are  yellow. 

The  cryllailized    tarcareous  acid  melts,  fumes,  \}9m^ 
comeE  black,  and  even  takes  fire,  when  brought  into*! 
contad  with  burning  bodies.    When  diiUlled,  it  aUbrds, 
like  the  tartareoiis  acidulum,  only  an  acid  phlegm,  a 
little  oil,  and  a  good  deal  of  gazeous  carbonic  acid,  mix- 
ed  with  carbonated  hydrogenous  gas.     The  coal  which'^l 
remains  contains  neither  acid  nor  alkali ;  which  proves,^ 
that  no  alkali  is  formed  tii  confequence  of  the  decom* 
poftlion  of  the  lartareous  acid  by  lire :  this  acid,  how- 
erer  pure,  is  always  oily.     For  this  reafon,  it  is  called 
the  tartareous  acid,  and  its  falts  tartantei.  '* 

It  IB  not  liable  to  alteration  in  the  air:  hismuctt-l 
mote  foluble  than  the  tartareous  acidulum  :  Its  talle  i%r\ 
very  pungent :    It   reddens  the  tindure  of  violets,   aS'* 
well  as  that  of  turnful.     It  diiToives  aluminous   earth, 
and  forms  with  it  ao  aluminous  tartarite,  which  takes  v 
only  a  gummy  or  mucilaginoug  conOltency  by  evapo* 
ration. 
Ja  combination  with  magneCa,  the  pure  tartareous  * 
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acid  forms  a  fait ;  which  alfo,  inftead  of  cryftallizing, 
■gives  a  fort  of  gelatinous  matter. 

By  combination  with  lime,  it  affords  an  almoft  mfb- 
luble  fatt. 

A  little  potafh,  poured  into  this  folution,  precipttatei 
the  tartareous  aciduluni,  or  eream  ef  tartar,  in  cryft^ 
This  difcovery,  made  by  Scbcele  and  Bergman,  throwi 
more  light  than  any  other  fafts  known  on  the  nature 
of  this  vegetable  fait.  No  farther  proofs  are  requilke, 
as  M.  de  Morveau  fays,  to  determine  the  pnnciplei  of 
which  the  tartareous  acidulum  confifts  :  we  know  it  to 
confift  of  tartarite  of  potafli,  with  excefg  of  acid  j  but, 
what  is  very  fingular,  this  acid,  naturally  very  foluble, 
fuddenly  lofes  that  property  when  about  half  fatorated 
with  potafh;  which,  however,  is  very  foluble  by  itfelt. 
This  fine  experiment  alfo  proves,  that  the  tartareous 
acid  is  not  in  any  manner  altered  by  Scbeele's  proceit ; 
for  with  about  one  fourth  or  one  third  of  its  own  weight 
of  potafh,  it  forms  an  acidulous  fait,  rimilar  in  nature  to 
the  acidulum  from  which  it  was  obtained.  With  a  grat- 
er proportion  of  poialh,  it  forms  a  neutral  fait,  com- 
pletely faturated  and  foluble,  which  is  tartarite  of  pooBi, 
or  vcgeiable  fait. 

The  tartareous  acid,  with  foda,  forms  a  cryflalltzabtc 
neutral  fait,  or  tartarite  of  foda  (fait  of  SfignetttJ, 
which  is  very  pure.  With  ammoniac,  it  affords  a  erj- 
ltalli?-able  ammoniacal  tartarite.  M.  Retzius  infonm 
us,  that  the  tartareous  acid,  when  combined  with  a 
quantity  of  ammoniac  confiderably  lefs  than  wltat  it 
required  to  faturate  it,  forms  a  fcarce  foluble  annDO- 
niacal  tartareous  acidulum,  which  crydalllzes  UkQ  die 
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common  cream  of  tirtar,  or  tartareoiis  acidolum  of 
potafli. 

Although  the  tartarites  have  not  fo  ftrdng  an  affi- 
nity  with  the  alkalis,  as  the  mineral  acids ;  yet  thefe 
latter  falts,  when  they  decompofe  tattarite  of  potaih  or 
foda,  do  not  completely  feparate  the  bafe,  but  difen- 

« 

gage  the  tartareoui  acid  into  the  ftate  of  acidulum,  of 
pdtafli,  or  of  foda.  The  pure  tartareous  add  does  it- 
felf  partly  decompofe  fiilphate^  nitrate^  and  muriatd 
of  potafliy  and  feparates  fo  miich  of  the  alkali  as  is 
requifite  to  bring  it  into  the  ftate  of  tartareoUs  aci- 
dulum, or  acidulated  tartarite  of  potafh.  It  does  not 
produce  the  fame  effed  on  nitrate  and  muriate  of  poe^ 
a(h. 

Al  Hermfiadt  aflerts,  that  the  tartareous  becothes 
oxalic  acid  by  means  of  the  nitrous  acid.  Bergman 
could  not  e&d  this  change :  but  he  felled  probably  on 
tccottnt  of  eknploying  too  little  of  the  nitrous  acid.  As 
the  nitrous  acid  gives  out  nitrous  gas.  When  it  accom- 
pliflies  the  tranfmtitation  of  the  tartareous  acidj  the 
only  difference  between  the  tartareous  and  oxalic  acids 
would  appear  to  be,  that  the  lattelr  contains  a  greater 
quantity  <A  oxigene. 

The  tartareous  acid  is  incapable  of  a£Ung  on  filver^ 
gold,  of  platina  ;  it  diflblves  their  oxides.  Its  aftion  on 
copper,  lead^  and  tin^  is  imperceptible  :  it  diflblves  the 
oxides  of  thefe  tnetals,  and  defifoys  the  red  colour  cf 
oxide  of  lead. 

It  diflblves  iron  with  a  vdry  gentle  effervefcence. 

It  produces  no  alteration  on  antimony  in  a  metal- 
lic-ftate,  but  ads  with  fufEcient  force  to  diflblve  its 

oxides* 
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It  fcparates  lime  from  the  nitric,  the  muriatic,  the 
acetous,  the  formic,  and  the  phofphoric  acids. 

It  precipitates  the  nitric  foluiion  of  mercury, 
rlatitf  folution  of  lead,  &c. 

Its  aitraflions  are  reprefented  by  Bergman  in 
lowing  order  :  lime,  baryles,  magnefia,  potaih,  foda,am' 
moniac,  aluminous  earth  ;  oxide  of  ziacy  iron,  manga- 
nefe,  cobalt,  nickel,  lead,  tin,  copper,  bifmutb,  antimo- 
ny, arfeoic,  filvcr,  mercury,  gold,  platina»  water,  and 
alcohol. 


§  II.  0/  the  Oxalic  Audtdutii,  er  Salt  0/  Serrtlt  Um  it 
/old  in  commerce,  and  of  the  pure  Oxalic  Acid. 

,  THE  fait  pf  forrel  fold  in  the  Ihops,  or  the  oxalic  u> 
dulum^  is  extracted  in  great  quantities  at  Harus,  in 
Thuringia  and  Swabis,  from  the  juice  of  forrel,  called 
by  Linnreus  oxalii  acetofella.  An  hundred  pounds  of 
this  plant,  cut  down  in  a  ftaie  of  vigorous  vegetation, 
aSbrd,  according  to  M.  Savary,  fifty  pounds  of  expre&d 
juice;  which  5fiy  pounds  of  juice  afford  only  iiveouacei 
of  concrete  fait,  by  evaporation  and  crytlallieatioD.  He 
fait  of  forrel  that  comes  from  Switzerland,  is  diiUa- 
guiihed  in  commerce  as  the  mod  beautiful  and  the 
whitefl: ;  that  from  Forets  in  Thuringia  ia  dirty  and 
yellowifh. 

The  juice  of  forrel  has  been  long  known  to  afford 
an  acid  fait  by  evaporation.  Duclos  mentions^  it  in 
the  Memoirs  of  the  Academy  for  166S  :  JunckerUke* 
wife  fpcaks  of  it.  Boerhaave,  who  compares 
to  tartar,  has  given  a  rery  accurate  deftript 
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HpHocefs  for  obtaining  it.  M.  Margraff  difcovered,  that 
*|Jbtaffi  entered  into  the  oxalic,  as  well  as  into  the  tarta- 
reous  acidulum.  But  the  nature  of  this  fait  was  by  no 
means  exaftly  known,  till  ihe  experiments  of  Meffra 
Savary,  Wenzei,  Wiegleb,  Schccle,  and  Bergman,  were 
communica(«d  to  the  world. 

oxalic  acidulum  cxifts  in  fmall  white  cryftals, 
ae,  and  needled  or  lamellatcd.  Their  form  has 
been  yet  fully  afcertaincd  ;  although  CapeUer  and 
Ledermutter  have  defcrlbed  them  as  they  appeared 
through  the  microfcope.  M.  de  Lill!;  rcprefents  them 
as  Tery  oblong  parallelopipids.  They  conlift  of  collec- 
tions of  long  thin  leaves,  joining  at  ona  end,  but  fcpa-" 
parate  at  the  other.  The  tafte  of  this  fait  is  four,  poig^." 
nant,  and  at  the  fame  time  bitter.  It  communicatcs> 
a  deep  red  colour  to  tindure  of  turnfol,  and  blue  pa-' 
per.  Four  hundred  and  eighty  grains  of  this  acidu-- 
lam,  diAilled  in  a  retort  by  a  fire,  the  heat  of  vhtcti; 
properly  regulated,  afforded  M.  Wciglcb  one  hun.il 
and  fifty  grains  of  phlegm,  Jb-on^ly  acid,  vilhbul 

fmeli  or  colour,  'lliere  remained  one  huadredl 
fixty  grains  of  grey  fait,  from  which  one  hundrcdtr 
fifty-fix  grain*  of  vegetable  alkali  were  obtained. 
lUt  four  grains  of  concrete  actd  lalt  were  Ukewife> 
lUmed  into  ihe  neck  of  the  retort :  not  a  drop  of' 
oit  pafled.  In  this  procefs  of  dillillation,  there  were 
one  hundred  and  fixty-fix  grains  of  lofs.  But  as  M. 
Weigleb  doe*  not  mention  what  elai^ic  fluids  were  dif- 
cogaged  in  this  analyfts,  the  lofs  was  probably  owing 
to  the  difengagement  of  water  in  vapours,  and  of  car- 
bonic  acid  gas,  mixed  with  a  Ultle  hydrogenous  gas 
carbonaceous  matter.  By  comparing  this  3iial]rfi& 
S3 
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with  that  of  the  ts^rtareous  acid,  we  perceive  the  oxalic 
acidulum  to  be  lefs  oily  than  the  other  The  liquid 
acid,  therefore,  obtained  by  this  diftillatlon,  is  pure 
oxalic  acid ;  whereas  the  tartareous  acidulum,  when 
treated  with  fire,  affords  an  altered  acid,  different  in  na- 
ture from  the  tartareous  acid,  ^hich  we  call  the  fyn- 
tartareous  acid-  |t  is  becaufe  the  acid  of  forrel  contains 
fo  little  oil,  that  we  call  it  the  oxalic  aciduium  and 
acid ;  while  to  the  more  oily  acid  of  tartar,  the  rules  of 
our  methodical  nomenclature  require  us  to  give  fh^  name 
of  the  tartareous  acid. 

The  oxalic  acidulu?i,  when  pure,  fuffers  tiD  ^tera- 
tion  by  expofure  to  air ;  it  is .  more  foluble  than  the 
tartareous  acidulum.  According  to  M.  Weiglib,  a 
drachm  of  oxalic  acidulum  from  Switzerland  requires 
to  diflblve  it  only  fix  drachms  of  boiling  water ;  bot 
though  other  fix  drachms  of  cold  water  be  addedi 
it  is  entirely  precipitated  by  cooling.  According  to 
M.  Wenzel,  it  is  even  much  more  foluble  than  M. 
Wcigleb  reprefents  it  :  for  he  found,  by  experiment 
nine  hundred  and  fiJ^ty  parts  of  boiling  water  to  take 
i^p  fix  hundred  and  feventy-five  parts  of  this  fait :  but 
Its  folubility  varies,  according  as  it  is  more  or  lefs 
x\i\  which  again  depends  on  the  quality  of  the  plant 
^  * .;<  I  which  it  is  extraftedf 

'\rs  oxalic  acidulum  combines  with  barytes,  magr 
rr/;i,  fcdn.  ammoniac,  with  which  it  ibrms  trq>lc 
fi^li  (or  irijules).  Lime  decompofes  it,  by  detachiDg 
irs  acid,  both  that  part  '^hich  is  in  a  ftate  of  libertYi 
and  that  which  is  in  combination  with  the  potafli.  One 
hundred  grains  of  chalk  decompofe  one  hundred  and 
thirty.feven  grains  of  the  oxalic  acidulum.    'The  pre- 

cipita!e 
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cipitate  of  calcareous  oxalate  that  is  depofited,  weighs 
one  hundred  and  feventy-five  grains ;  the  fupcrnatahc 
liquor  affords,  by  evaporation,  thirty-two  grains  of  car« 
bonate  of  potafli.  This  procefs  cannot  be  ufed  in  pre- 
paring the  pure  oxalic  acid,  though  the  tartareous  acid 
be  obtained  pure  by  it :  for  calcareous  oxalate  is  not 
4ecompo{able  by  fulphuric  acid,  like  calcareous  tar- 
tarite ;  on  the  contrary,  the  oxalic  acid  has  fo  ilrong 
an  affinity  with  lime,  that  it  attrads  this  earth  from  all 
odier  adds;  and  one  certain  ted  of  the  purity  of 
the  oxalic  acidulum,  or  fait  of  forrel,  is,  to  pour  a  fo- 
lution  of  it  into  water  impregnated  with  calcareous 
fulphate  :  when  the  acidulum  has  been  really  extraded 
from  forrel,  it  produces  in  the  water  a  copious  prcci- 
jntate. 

The  fulphuric  acid  contributes  to  the  difengagement 
of  the  oxalic  acid  from  the  acidulum  by  means  of  heat^ 
according  to  M.  Weiglib.  llie  nitric  acid  decompofes 
the  acidulum,  and  feparates  the  alkali ;  but  it  has  much 
more  difficulty  to  accomplifh  this  on  the  oxalic  than  on 
the  tartareous  acidulum,  according  to  Margraff's  expe- 
riments* 

The  oxalic  acidulum  ads  upon  iron,  zinc,  tin,  anti- 
mony^ and  lead.  It  diflfolves  the  oxides  of  all  the 
other  metals,  forming  with  them  triple  cryftallizabie 
falts,  which  are  not  defiquefcent,  and  in  which  the  pot- 
afli  always  remains  in  union  wich  the  add :  it  precipi- 
tates the  nitric  folutions  of  mercury  and  fdver.  M. 
Bayen,  by  evaporating  the  fupernatant  liquor  from  above 
thefe  precipitates,  obtained  nitrate  of  potafh,  and  thus 
eftablifhed  more  certainly  the  cxiftence  of  alkali  in  \Xn^ 
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To  prepare  the  oxalic  acid  by  feparating  the  pofafli 
of  the  acidulum,  diftillation,  as  we  have  already  fees, 
may  be  employed  :  but  this  procefs  affords  only  a  fmali 
quantity ;  and  that  which  Scheele  has  recommendedi 
being  eafier  performed,  and  more  certain  in  its  re* 
fults,  is  therefore  preferable.  Saturate  the  -oxalic  acid 
with  ammoniac ;  pour  into  this  triple  folution,  confiftiDgf 
of  oxalic  acid,  with  ammoniac  and  potafh^  a  quantity 
of  barytic  nitrate.  A  precipitate  of  barytic  oxalate  is 
thus  produced,  and  the  nitric  acid  retains  the  potaih 
and  ammoniac.  After  wafliing  the  barytic  oxalate^ 
decompofe  it  with  fulphuric  acid.  The  fulphate  of 
barytes,  'that  is  now  formed,  remains  infohible  at 
the  bottom  of  the  liquor.  Decant  pff  the  liquor ; 
feparate  the  portion  of  fulphuric  acid  which  may  ftilt 
be  contained  in  it,  by  barytic  oxalate  diflbWed  in 
boiling  water ;  and  when  it  oe^fcs  to  afford  a  pre- 
cipitate, the  liquid  may  be  confidered  as  containing 
pure  oxalic  acid,  and  decanted  off  from  above  the 
precipitate.  It  is  next  to  be  evaporated  with  propcv 
care ;  and  it  bow  affords  fait,  by  cooling,  in  qua* 
drilateral  prifms,  with  their  fides  alternately  broad  and 
narrow,  and  terminating  in  dibxdral  fummits.  Thefe 
cryftals  are  often  in  the  form  of  fquare  or  rhomboidal 
plates. 

lliis  concrete  acid  has  a  very  flrong  four  tafte ;  fe- 
ven  grains  communicate  a  fenfibk  acidity  to  two  pounds 
of  water.  It  reddens  ail  blue  vegetable  colours.  A 
grain  of  this  fait  communicates  to  3600  grains  of  vs* 
ter  the  property  of  reddening  papef  tin&ured  with 
turnfol. 
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Hie  concrete  oxalic  acid,  when  -^iqpofed  to  1  mode* 
rate  fire,  becomes  dry,  atid  is  covered  over  with  a  thick- 
cruft;  it  is  ia-a  ihort  time  redticed  to  powder,  and 
iofes  three  tenths  of  its  weight.    When  diftilled  in  a  re- 
tort, by  a  (Ironger  fire,  which  mu(^  not,  however,  be 
violent,  it  liquifies,  becomes  brown  with  ebullition^  af- 
fords an  acidulated  phlegm,  akid  is  partly  fSbtimated 
without  alteration,    lliere  is  at  the  fame  xttne  tlifen-- 
gaged  from  it  a  gasT,  mixed  with  carbonic  acid  ,>  and  hy« 
drogenous  gas.-  When  expofed  to  a  violent  beat,  it 
afibrds  more  gas,  lefs  fliblimated  concrete  acid,  and 
more  acidulated  phlegm,  that  is  not  liable  to  cryftalli*: 
zation ;  at  the  bottom  of  the  retort,  there  reniains  only 
a  grey  or  brown  mafs,  amounting  to  one  fiftieth  part  of 
the  acid'  employed.     When  put  upon  a  coal  burning  in 
the  air,  it  emit9  a  v^  acrid  white  (bioke^  wbich  irritates 
the  lungs  in  a  vei^-  lively  manner  :  the  refidue  which  it 
loaves  is  white,  without  any  mixture  of  carbonaceous 
matter.    Such  is  the  refult  of  the  decompofition  of  the 
oxalic  acid  by  fire  that  was  obferved  by  Bergman.   The 
Abbe  Fontana  has  obtained  near  double  the  quantity 
of  gas  J  but  that,  as  we  have  already  fhown,  depends  on 
his  having  applied  st  ftronger  heat,  with  a  view  to  effeft 
a  thorough  decompofition  of  the  acid.  ^ 

When  expofed  to  moift  air,  the  concrete  oxalic  acid 
lemains  deliquefcent ;  but  in  dry  air  it  rather  becomes 
dry.  Cold  water  diflblves  a  quantity  of  it  equal  to  one 
half  of  its  own  weight.  When  cryftals  of  tbi<  acid  are 
caft  into  coM  water,  a  fisiint  noife  is  heard,  which  mud 
be  produced  by  a  fudden  breaking  of  their  particles. 
'|Tie  fpedfic  gravity  of  ihis  cold  folution  is  1-0593,  ac» 
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cording  to  M.  de  Moryau.  No  acid  vapour  rifes  nith 
the  water  of  the  folution  when  evaporated,  not  even  by. 
ebullition.  Boiling  water  diffolves  a  quantity  of  this 
concrete  acid  fait  equal  to  itfelf  in  weight :  One  half 
is  precipitated  in  cryftals  by  cooling. 

The  oxalic  acid  diffolves  aluminous  earth.  This  fo- 
lution aSbrds,  by  evaporation,  a  yetlowifli  mafs,  tranf- 
parent,  foft,  and  afiringent;  which  attrafb  moifture 
from  the  atinofphere,  and  reddens  turnfoL  This  (alt 
fwells  in  the  fire ;  it  then  lofes  its  acid,  and  the  alumi- 
nous ewrth  remains  a  little  coloured;  It  is  decompo* 
(able  by  mineral  acidSf 

In  combination  with  barytes,.it  forms  a  fcarce  foluble 
(alt ;  which,  with  an  excefs  of  the  acid,  affords  angular 
cryftals.  Hot  water,  by  depriving  them  of  that  excdsi 
renders  them  opaque,  pulv^ ulent,  and  infoluble. 

With  magnefia,  it  affords  a  white  lalt  in  pow< 
der,  which  is  decompofable  by  the  fluoric  acid  and  bst 
rytes. 

The  oxalic  acid,  faturated  with  lime,  forms  a  fait  in- 
foluble  in  water,  pulverulent,  and  not  decompofable  by 
fire ;  for  fo  flrong  is  the  affinity  between  this  ^acid  and 
lime,  that  it  detaches  this  bafe  from  every  other  acid. 
On  account  of  this  property,  Bergman  has  propoied 
the  ufe  of  the  oxalic  acid  for  afcertaining  the  prefence 
and  the  proportion  of  lime  in  mineral  waters,  or  in  any 
combination  with  other  acids.  Calcareous  oxalate  gives 
a  green  tinge  to  fyrup  of  violets. 

The  oxalic  acid  combines  with  potafh ;  and  the  neu- 
tral fait,  with  an  excefs  of  either  of  the  two  principles^ 

is  fufceptible  of  cryflallization.     Oxalate  of  potafh  u 
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very  foluble  in  wtter,  and  deeompofable  by  the  aSipn 
of  fire  and  of  mineral  acids.  Pure  oxalic  acid,  added 
in  drops  to  a  folution  of  this  fiiilt,  foon'produces  a  pre- 
cipitate, which  appears  to  be  oxalic  acidulum,  the  (ame 
as  the  common  fait  tfforr eh 

With  t\¥0  thirds  of  foda,  the  oxalic  acid  forms* a  fait 
which  is  fcarce  foluble,  but  difTolves  bed  in  hot  water, 
and  turns  fyrup  of  violets  green.  An  excels  of  the 
acid  forms-  ftcidolous  oxalate  of  foda,  which  is  karce 
foluble. 

With  ammoniac,  the  oxalic  acid  Affords  ammooiacai 
oxalate,  which  cryftallizes,  by  flow  evaporatibil,  into 
quadrilateral  prilios. .  By  fire,  this  fait  is  decompofed  ; 
and  then  it  yields  ammoniacal  carbonate,  formed  by  the 
deftru£lioft  of  the  oxalic  actd.  An  excefs  of  the  acid 
poured  into  a  folution  of  this  fait,  precipitates  from  it 
ai|  Ammoniacal  oxalic  addulum,  in  cryftals  much  leb 
foluble  in  water  than  the  pure  neutral  fait. 

The  oxalic  acid  is  foluble  in  mineral  acids.  It  im« 
browns  the  concentrated  fqlphuric  acid  ;  it  is  decompo- 
fed by  the  nitrous  acid^  and  reduced  into  carbonic  acid 
in  confequence  of  the  decompofition.  This. acid  gene- 
rally combines  much  eafier  with  metallic  oxides  than 
with  the  metals  themfelves. 

1 .  With  oxide  of  arfenic,  it  forms  prlfmatic  cryftals^ 
very  fofible,  very  volatile,  and  deeompofable  by  heat. 

2.  With  oxide  of  cobalt,  a  puIveriTed  fait,  of  a  bright 
fofe-colour,  and  fcarce  foluble. 

3*  With  oxide  of  bifmuth^  a  white  fait  in  powder, 
very  little  foluble  in  water. 

4- 
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4.  With  osde  of  ifltimony,  a  fah  in  cryftallina 

grains. 

5.  With  oxide  of  nickel,  a  fait,  of  a  ivhite  or  greenilb 
yellow  colour,  and  fcarce  foluble* 

6.  With  oxide  of  manganefe,  a  fait  in  a  white  pow* 
der,  which  becomes  black  in  the  fire. 

7.  With  sine,  the  folution  of  which  is  attended  with 
eff(Brvefcen<»,  a  pqlvenilent  white  fait. 

8.  It  diflblves  oxide  of  mercury,  and  redocer  ft  to  a 
white  powder,  which  is  rendered  black  by  the  contaft 
of  Ught.  This  acid  d99>tnpo£K  mercurial  fulphate  and 
mercurial  nitrate, 

9.  lln,  byits  a£Hon,  is  firft  rendered  black,  and  af- 
terwards covered  with  a  white  powder.  '  The  iait  which 
it  forms  with  this  metal  is  of  an  harfli  tafte.  It  cryftak 
lizes  into  prifms,  by  evaporation  judicioufly  condufted  j 
when  evaporated  by  an  intenfe  heat,  it  leaves  a  tranfpa^ 
rent  mafs,  refembling  horn. 

10.  It  tarniihes  lead,  but  diflblves  its  oxide  better« 
The  faturated  liquor  depofites  fmall  cryftals,  which  may 
alfo  be  obtained  by  pouring  oxalic  acid  into  a  folution 
of  nitrate  or  muriate  of  lead,  or  into  acetite  of  the  fame 
metal. 

1 1.  It  a  As  on  iron-BHi^s ;  and  as  there  is  water  de* 
compofed  in  this  folution,  there  is  of  confequence  hy- 
drogenous  gas  difengaged.  Oxalate  of  iron  is  ftiptic : 
it  affords  greeniih  yellow  prifmatic  cryftals,  decompo* 
fable  by  heat. 

Yellowifli  oxide  of  iron,  in  combination  with  thb  acid, 
affords  a  yellow  fait,  fimilar  to  that  which  is  obtained 

by 
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^  pouring  liquid  oxalic  acid  into  a  folution  of  fulphate 
of  iron. 

1  a.  It  ads  on  copper,  and  entirdy  diflblves  the  oxides 
of  this  metaL  The  lalt  thus  formed  is  of  a  clear  blue 
colour,  and  fcarce  foluble.  This  lalt  may  be  like« 
wife  obtained  by  precipitating  fulphuric,  nitric,  mu- 
riatic, and  acetous  folutions  of  copper,  with  oxalic 
acid« 

.  13.  Oxide  of  filver,  precipitated  by  potafli,  diflblves 
in  a  ijouil  proportion  in  this  acid.  The  beft  way  of  ob« 
taining  this  lalt  is  by  precipitating  the  nitric  folution  of 
fdrer  with  oxalic  acid :  a  white  fediment  is  produced^ 
Scarce  foluble  in  water,  and  liable  to  become  brown  by 
the  contaft  of  lighL 

]  4.  This  add  fcarce  ads  on  oxide  of  gold. 

15.  Laftiy,  it  diflblves  the  pcedpitate  of  platina  pro- 
duced with  foda.  This  folution  is  fomewhat  yellow,  and 
i^brds  cryftals  of  the  fame  colour. 

Such  are  the  phsenomena  of  the  combinations  of  the 
oxalic  acid,  as  defcribed  by  Bergman. 

That  celebrated  chemift  accompliflied  all  thefe  com- 
binations with  artificial  oxalic  add,  prepared  from  fu- 
gar  and  nitric  add.  Sugar,  as  wdl  as  all  mucilages, 
extrads,  fweet  oils,  and  farina,  affords,  when  treated 
with  nitrous  acid,  an  acid  perfedly  the  fame  with  pure 
oxalic  acid,  as  has  been.afcertained  by  Scheele.  All  thefe 
matters,  and  even  a  great  many  animal  fubftances,  as 
hair  been  difcovered  by  M.  BerthoUet,  contain  therefore 
the  radical  prindple  of  the  oxalic  acid,  wanting  nothing 
but  oxigene  to  complete  the  acid. 

Bergman 


Bergman  was  the  firft  who  difcoviereil  that  fugal| 
treated  with  nitrous  acid»  formed  a  peculiar  acid  :  ha 
gare  it  the  name  of  the  acidoffugar^  otjiwcbarm  dddf 
which  it  retained  for  ftvertl  years,  till  Scheele  ihowed 
it  to  be  precifely  of  the  fame  nature  with  the  cocalic 
acid,  extraded  from  fait,  ^fiml  by  the  procefs  above 
defcribed.    He  fliowed  the  identity  of  thefe  acids,  by 
forming  the  fcarce  foluble  oxalic  acidulum,  or  Jah  if 
firrel^  from  a  combinsltioa  of  a  fmall  quantity  of  foda, 
with  the  faccharine  acid.    Here,  then,  is  a  vegetable 
acid,  which  extfts  in  an  acid  ftate  in  but  few  vege* 
table  matters,  but  of  which  the  baife  is  exceedingly  co- 
pious in  thofe  matters,  and  appears  to  pafs  unaltered 
into  animal  bodies.    In   the  following  chapters,  we 
fhall  fee  that  this  acid  is  probably,  like  all  other  vege- 
table acids,  a  compound  of  hydrogene,  carbone,  and 
oxigene ;  and  that  the  only  difference  between  it  and 
the  other  vegetable  acids  is  in  the  proportions  of  theif 
principles. 

The  bafe  or  radical  principle  of  the  oxalic  acid  ap^ 
p^rs  to  exift  in  greater  plenty  in  infipid  matters  than 
in  fugar ;  though  it  was  once  believed,  that  faccharine 
bodies  afforded  moft  of  it.  From  fugar,  Bergman  ob« 
tained  only  a  third  part  of  its  weight  of  oxalic  acid : 
and  from  wool,  M.  Berthollet  has  obtained  a  quan* 
tity  equal  to  more  than  half  the  weight  of  the 
wool. 

The*  pure  oxalic  acid  is  ufed  no  where  but  in  the 
laboratory ;  the  chief  ufe  to  which  it  is  there  appliedi 
is  to  afcertain  the  prefence  of  lime.     The  oxalic  acido* 
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lum,  or  fait  of  forrel,  is  ufed  to  eiTace  {tains  of  ink  from 

white  fluffs,  wood,  ivory,  &c.  oa  account  of  its  having 

\to  {Irong  aa  afHnity  with  iron ;  but  the  pure  oxalic  acid 

I  being  more   foluble,   might  be  more   advantageouily 

|fed  for  fuch  purpofes. 
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tf  Vegetable  Acids  ^  formed  by  the  J{lion  of  Firey  mid  hj 

the  Nitric  Acid. 


IT  has  been  long  known  to  chemifts,  that  many  veg^ 
table  matters  afford,  by  diftiilation,  phlegms,  of 
acid  liquors :  thefe  faline  fubftances,  altered  by  fiie^ 
were,  however,  but  little  attended  to.  Since  fuch  a 
number  of  acids  have  been  difcovered,  really  diftiofi 
ficom  one  another,  either  in  their  intimate  nature,  or  in 
the  proportion  of  their  principles,  many  of  thefe  falts 
have  been  found  to  poffefs  peculiar  and  diftin&ive  pro* 
perties.  It  has  been  alfo  afcertained,  that  fome  acida 
a£t,  like  heat,  on  vegetable  matters,  and  that  the  nitric 
acid,  in  particular,  converts  moft  of  them  into  adcL 
Thefe  new,  or  newly  modified  falts,  need  to  be  carefully 
examined,  in  order  that  we  may  acquire  a  knowledge  of 
their  nature.  We  cannot  avoid  remarking,  in  the  firft 
place,  that  there  muft  be  a  general  analogy  of  nature,  or 
formation,  among  vegetable  acids,  produced  by  the  ac- 
tion  of  heat :  On  account  of  that  analog}^  we  give  them 
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tbe  generic  name  of  empyreumatic  falts ;  and  apply  to 
each  of  tbem,  as  a  fpecific  diftindioDy  the  iy liable  fyro^ 
joined  to  a  term  indicating  the  origin  of  the  fait ;  thus 
we  lay,  the  pyro-tartareottsj  the  fjro-natcous^  and  the  pyro* 
Hineous  adds^ 


S  I.  Of  the  Pyro^Tartareotu  Acid. 

•  •     • 

rr  has  been  already  mentioned,  that,  by  the  diftilla* 
tion  of  the  tartareous  acxdulum,  an  acid  phlegm  is  ob« 
tained,  which  is  not  the  pure  tartareous  add,  but  that 
add  altered  in  a  particular  maniler.  1  he  hydrogenous 
gas,  and  the  carbonic  acid  gas,  that  are  at  the  fame 
lime  difengaged,  (hew  plainly  that  fuch  an  alteration 
tnuft  take  place ;  for  thefe  can  only  be  produced  in  con* 
fequei^ce  of  the  decompofition  of  the  acid  of  tartan  At 
this  alteration  is  owing  to  the  adion  of  heat,  and  as  an 
oil,  mixed  with  the  diftilled  acid,  is  at  the  fame  time 
volatilized,  which  modifies  its  colour,  we  have  there* 
fore  called  that  acid  the  fyro4artareousj  and  its  faline 
combinations  pyro-tariantes^  according  to  the  laws  of 
0ur  nomenclature. 

The  firft  chemifts  who  made  experiments  on  this  mat- 
ter, with  any  degree  of  accuracy,  afcertained,  that,  by 
diftilling  about  a  quarter  of  a  pound  of  tartar,  there 
night  be  obtained  an  acid  phlegm  of  a  very  pungent 
Vnell,  or  pyro- tartareous  acid.  Ulie  academicians  of 
[)ijon  reprefent  the  Secondary  reflification  or  diftiilation 
>f  this  acid,  which  has  been  recommended  by  fo  many 
luthors,  as  attended  with  one  very  great" difEcuhy  :— 
lotwirhllanding    every   precaution    which    they  could 
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adopt  to  moderate  the  fire,  and  give  room  to  the  \^ 
pours,  they  always  found  the  liquid  to  rife  fo  quickly  a^ 
to  burft  the  veilels  containing  it,  into  pieces.  This 
pbacnomenon  they  attribute  to  the  action  of  gas  produ- 
ced by  the  decompofitidn  ofihe  acid,  and  comprefled  by 
the  oil ;  which  preflpre  it  at  length  overcomes,  as  it  is 
more  dilated.  Befides,  the  reflification  is  not  very  ne- 
cefTary,  as  the  acid  feparated  from  the  oil  by  the  ftill- 
pipe  is  fo  pure  as  to  exhibit  all  its  diftin&ive  charac« 
terUUcs. 

The  pyro*tartareous  acid- has  an  empyreumatic  tafte  and 
fmell.  It  does  not  redden  fyrup  of  violets,  but  it  produces 
that  effed  on  turnfol  and  blue  paper  :  It  difengages  die 
carbonic  acid  from  its  bafes  with  a  lively  effervefcence. 
With  the  earths  and  alkalis,  it  forms  falts  very  different 
from  thofe  which  the  tartareous  acid  forms  with  the 
fame  bafes.  Tbefe  faline  compounds  have  not  yet  been 
examined ;  only  we  know  the  pyro-tartarites  of  potafli 
and  foda,  to  be  foluble  in  cold  water,  and  cry ftailizable : 
the  acid  decompofes  nitrate  of  filver,  producing  from 
it  a  grey  precipitate ;  it  by  degrees  renders  nitrate  of 
mercury  turbid ;  it  does  not  decompofe  calcareous  ma- 
riate  ;  and  the  fulphuric  acid  decompofes  its  neutral  (idts 
by  diflillation. 

Chemifts,  before  hydrogene,  carbonaceous  matteii 
and  oxigene,  were  underftood  to  be  the  fole  and  ge* 
nuine  component  principles  of  all  vegetable  acids,  con- 
flituting  different  acids  only  by  being  united  in  different 
proportion^,  had  adopted  opinions  very  remote  from  the 
truth,  concerning  the  nature  of  this  acid,  obtained  by 
diftillation  from  tartaf  •     Vend  affertod  it  to  be  acid  of 
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kkitre.    M.  Monnet  concladed,  from  a  more  accurate  in- 
veftigadon  of  its  nature^  that  it  was  muriatic  acid  dif« 
gitifed  by  oil    and  mucilage.      But  although  Scheeld 
found  tartar  to  contain  a  little  muriatic  acid,  yet  the 
cobic  form  of  the  neutral  fait,  pi-oduced  by  the  tinion  of 
the  pyro-tartareous  acid  with  foda,  and  the  precipita- 
tion of  nitrate  of  mercury  by  this  acid,  the  two  fsids  oil 
which  M.  Monnet  eftablifhes  the  identity  of  the  pyro^ 
tirtareous  with  the  muriatic  acid,  are  not  fufficient  evi- 
jdence  to  induce  modem  chemifts  to  afient  to  the  con^ 
clufion  deduced  from  thcin.    Befides,  the  chemifts  of 
l>ijon  hare  repeated  the  fame  experiments  without  ob* 
taining  the  lame  refults }  nor  have  Meflrs  Berthollet, 
Spiclman,  and  Conrinus,  been  more  fuccefsfuL     Oh  the 
contrary,  it  is  highly  probable,  that  the  principles  of 
the  pyro-tartareous  acid  are  the  fame  with  thofe  of  the 
add  of  tartar  itfelf ;  and  that  the  two  acids  differ  only 
in  the  proportion  of  their  principles  :  the  fmell  and  tafte 
of  this  empyreumatic  acid,  its  not  being  fufceptible  of 
cryftaliization,  and  all  its  other  properties,  and  ftili 
more  the  difengagement  of  oil  and  carbonic  gas  from 
the  tartareous  aciduluro,  when  the  pyro-tartareous  acid 
is  formed, — concur  to  prove  the  truth  of  whM  is  here 
aflerted. 

The  chara&er  of  this  empyreumatic  acid  has  not  yet 
been  fuflSciently  inveftigated,  to  enable  us  to  determine 
the  order  ot  its  chemical  affinities  with  earthy,  alkaline, 
and  metallic  bafes. 
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%  II.  Vftbe  Pyrth  Mucous  Acid* 

THE  acid  which  we  denominate  pyro-mucous,  it  that 
obtained  from  inHpid,  faccharine,  gummy,  farinaceous^ 
&c.  mucilages,  which  was  at  firft  denominated  by  M. 
de  Morveau  the  fyrupous  acid.  Cbemifts  haVe  long 
known  that  fugar  affords,  by  diftitlation,  a  pretty  ftrong 
acid  phlegm.  Neuman,  Cartheufer,  Geoffroy,  and  Buc- 
quet,  have  made  particular  mention  of  that  acid,  but  with- 
out having  examined  its  properties.  M.  Schrickel  has 
examined  its  nature  with  more  minute  attention  tfaaU 
any  other  chemifl. 

By  diftilling  \6  ounces  of  fugar,  M.  Schrickel  obtaifi* 
cd  6  drachms  of  phlegm,  which  paffed  into  the  receiver 
in  the  form  of  white  vapour,  and  was  condenfed  into 
unduous  flrise,  of  a  pungent  fmell,  like  that  of  horfe- 
raddifli,  or  bitter  almonds,  roafted }  of  an  acid,  acrid,  and 
bitter  tafte,  and  of  a  red  yellow  colour.  He  reSificd 
this  acid  upon  clay ;  it  then  pafled  clear,  with  a  lefs 
pungent  fmell,  and  a  four  tafle.  This  acid^  when  thus 
purified,  did  not  crydallize  ;  but  when  eocpofed  to  cold, 
the  aqueous  part  froze,  and  that  part  which  flill  remain* 
cd  liquid,  became  much  more  concentrated. 

M.  de  Morveau  obferved,  when  preparing  the  pyro- 
mucous  acid  by  the  diftillation  of  fugar,  that  the  bot- 
tom of  the  retort  was  corroded  during  the  operation. 
He  does  not  attribute  this  to  the  acid,  as  it  exhibits  no 
fuch  property  when  reftified,  or  when  left  long  in  the 
glafs  ;  but  rather  to  the  adion  and  adhefion  of  the  car- 
bure  of  iron,  which  exifts  in  the  coal  that  remains  alter 
the  decompofition  of  the  fugar,  and  had  been  violently 
heated.  This  acid,  therefore,  cannot  be  concentrated 
a  by 
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by  volatilizing  the  water  that  is  united  with  it,  as  the 
fait  is  no  lefs  volatile  than  the  fluid.  I1iis  acid,  accord- 
ing to  M.  de  Morveau,  exifts  in  roolafles,  and  renders 
them  deliquefcent,  and  not  fufceptible  of  cryftalliea' 
tion. 

The  pyro-mucous  acid,  when  concentrated  by  free- 
zing, is  very  pungent,  and  communicates  a  deep  red  to 
blue  vegetable  colours.  It  produces  red  fpots  on  the 
Sun,  as  was  long  ago  obferved  by  Cartheufer ;  and  the 
Ipots  thus  produced  deflroy  the  epidermis  before  they 
diiappear.  When  expofed  to  fire,  it  is  totally  volati*- 
lized,  leaving  no  refidue  but  a  brown  mark  on  the 
place  where  it  lay.  Mod  of  it  may  be  converted  in-* 
to  carbonic  acid  gas,  and  hydrogenous  gas,  by  difliU 
ling  it,  with  proper  precautions,  in  clofe  veffels  :  it  now 
affords  a  more  copious  carbonaceous  rclidue  than  when 
heated  in  open  veflels*  A  part  is  volatilised  without 
alteration. 

When  combined  with  barytes,  roagneiia,  lime,  potafh^ 
Toda,  and  ammoniac,  it  forms  neutral  falts,  which  we 
call  pyro-mucitesj  the  properties  of  which  have  not  yet 
been  examined  with  fu£cient  care,  but  which  diHer 
&om  all  other  known  neutral  falts.  It  difengages  the 
carbonic  acid  from  all  of  thelie  alkaline  bafes  with  a 
[ively  effervefcence. 

The  property  of  diiTolving  gold  was  formerly  afcribed 
to  the  fpirit  of  honey  ;  but  it  appears  for  certain,  that 
the  pyro-mucous  acid  does  not  afie^  either  that  metal, 
:>r  phtina,  or  filver,  or  even  mercury;  but  it  might 
poiiibly  difiblve  the  oxides  of  thefe  metals.  This  acid 
corrodes  lead,  becoming  opaque  itfelf  on  tlie  occafion  ; 
which  ^t^ation  it  owes  to  the  oxide  of  lead  which  it 
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forms.  Pyro-mucite  of  lead  is  in  oblong  cryftali.  b 
a£ls  upon  copper,  and  becomes  green  by  the  re-aAion  of 
that  metal ;  it  diflblves  tin ;  it  ads  upon  iron,  and  com- 
bines with  that  metal  to  form  cryftals. 

Its  chemical  affinities  have  been  determined  by  M.  de 
Morveau  in  the  following  order ;  Potaih,  foda,  barytes, 
lime,  magnefia,  ammoniac,  aluminous  earth,  metallic 
oxides,  water,  alcohol. 

This  empyreumatic  acid  has  not  as  yet  been  applied 
to  any  purpofe.  Spirit  of  honey,  of  manna,  &c«  were 
formerly  made  ufe  of  in  pharmacy ;  but  the  ufe  of  them 
has  been  long  given  up. 


§  III.  Of  the  PjrO'Kgneous  Acid. 

WOOD,  efpecially  beech,  birch,  and  box  trees,  if? 
ford,  by  diftillation,  a  brown  acid  liquor,  of  a  pretty 
ftrong,  peculiar  fmell,  which  reddens  bide  vegetable 
colours,  and  efFervefces  with  alkaline  carbonates.  Boer- 
haaye  was  acquainted  with  th(;  produft  of  box,  juniper, 
oak,  and  Guajac  :  but  the  chemifts  who  have  repeated 
Boerhaave's  procefs,  have  not  examined  the  nature  and 
peculiar  properties  of  this  acid.  M.  Croettling,  in  die 
year  1 779,  firft  publiihed,  in  CrelFs  Journal,  a  Memoir 
on  the  acid  of  yrood,  and  more  efpecially  on  its  union 
with  alcohol.  That  chemifl  diftilled  the  bark  of  birch 
in  an  iron  retort :  he  obtained  a  brown,  oily,  acid  pro- 
duct, which  he  left  to  fettle  for  three  months  ;  at  die 
end  of  that  time,  he  obferved  drops  of  oilfwimming  on 
its  furface,  which  having  feparated  by  filtration,  he  pour- 
ed into  the  filtrated  liquor   a  foludon  of  potafh.     A 

lively 
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lively  effcnrefcencie  took  place ;  the  liquor  aflfumed  a 
blood-red  colour^  and  afforded^  after  being  faturated 
with  alkali,  and  evaporated,  a  black  fait,  which  was 
melted  in  an  iron  pan,  and  purified  by  a  fecond  folution, 
and  a  fecond  evaporation. 

The  pyro*Iigneous  acid  may  be  alfo  rectified  by  diftil- 
lation,  according  to  M.  Goettling.  The  pyro-lignite  of 
potafh,  formed  of  this  rediiied  acid,  becomes  very  hot 
when  brought  into  contaft  with  the  fulphoric  add,  and 
-affords  pyro-ligneous  acid  in  a  ftate  of  confiderabie  pa- 
rity. That  chemift,  to  whom  we  are  indebted  for  thefe 
faCts,  obferves,  that  the  pyro-ligneous  acid,  wheo  fepa- 
rated  by  the  fulphuric  acid,  has  no  longer  any  ^rnpyreu- 
matic  odour,  but  a  fmell  of  garlic. 

The  chemifts  of  Dijon  eztraded  this  acid  f^om  beech, 
by  diftillation,  and  afterwards  reftified  the  liquid  pro- 
dud  :  $$  ounces  of  this  wood,  well  dried,  and  in  fha- 
Tings,  afforded  17  ounces  of  reAified  acid,  of  an  amber- 
colour,  not  mixed  with  oil,  and  of  which  the  gravity, 
was  to  that  of  diftilled  water,  in  the  proportion  of  49 
to  48  :  234  ounces  of  lime-water  were  required  to  fa- 
turate  an  ounce  of  this  acid.  When  expofed  to  a  gentle 
heat,  it  afcends  in  vapour.  A  ftrong  heat  decompofes 
this,  as  well  as  all  other  vegetable  acids.  It  cannot  be 
obtained  in  a  concrete  form. 

It  combines  with  earthy  and  alkaline  bafes,  and  fbnns 
with  them  peculiar  ialts,  which  we  call  pyro-lignites 
of  alumtnes,  barytes,  magnefia,  lime,  potafh,  feda, 
and  anmioniac.  Thefe  falts  have  not  yet  been  ad- 
mined  with  fufficient  care  to  enable  us  to  give  here 
a  particular  account  of  them.  M.  Eloy  Bourfier'de 
imemuTL  has  communicated,  in  the  Le£hires  of  Gh^« 
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xniftry  of  Dijon,  ibmc  experiments  ^ery  fuitable  to  de^ 
termine  th^  elefUye  attradions  of  the  pyro- ligneous  acid. 
Calcareous  and  barytic  earths  adhere  to  it  with  greater 
obftinacy  than  the  alkalis  \  lime  has  %  ftronger  affinity 
with  it  than  barytes  ;  and  magnefia  a  ftronger  th;in  am- 
moniac :  and  eyen  thefe  a{^nities  may  ferve  to  diftinguiih 
it  from  moft  other  vegetable  acids.    It  acls  alfo  upon 
many  of  the  metals,  wd  difTolves  moft  of  their  oxides. 
AU  kinds  of  wood,  it  appears,  would  afford  the  fame 
acid  by  diftillation  j  for  box,  birch^  and  beech,  agree  in 
affording  one  acid.     But  mitch  inquiry,  and  many  txr 
periments,  arp  neceffary,  before  we  can  be  fuUy  acquaini* 
.^d  with  the  chara^eriftic  properties  of  this  acid* 


$  IV.  (y  VegctabU  Acidsy  firmed  by  ibe  NUrU  Acid. 

BERGMAN  has  proved,  that  the  nitric  acid  converu 
fugar  into  an  acid,  which,  being  at  firft  thought  pecu* 
liar  and  diiFereiu  from  uU  others,  was  therefore  called 
the  faccharine  acid.  Scheele  has  0iQwn  this  fait  to  be 
precifely  the  fame  "cvith  that  which  is  in  part  neutralizecl 
by  potafti,  ii^  fait  of  forrel :  this  very  fait  is  therefore  in 
every  refpe£t  the  fame  with  the  oxalic  acid.  Several 
piodern  chemifts,  and  efpecially  M.  ^erthollet,  have  pro- 
ved, that  almoft  aU  animal  and  vegetable  matters  afford 
this  acid,  when  treated  with  the  s^cid  of  nitre.  It  is 
therefore  certain,  that  the  bafe  ox  radical  principle  of 
the  oxalic  acid  exifts  in  a  great  many  bodies,  and,  in  ge« 
Beral,  in  all  bodies  which  have  been  farmed  by  vegeta- 
{ion,  or  the  funfiions  of  animal  life.  The  nitric  acid 
%£ts  io  an  equal  a^d  uniform  manner  pn  all  fuch  fub* 

(lances  j 
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ftances ;  it  always  gives  up  to  them  either  more  or  lefs 
of  its  oxigene,  and  pafles  into  the  ftate  of  qitrous  acid, 
nitrous  gas,  or  even  azotic  gas,  according  as  it  is  depri- 
ved of  a  greater  or  a  lefs  proportion  of  its  oxigene*  As 
the  bafe,  or  radical  principle  of  the  oxalic  acid,  is  more 
or  lefs  copious  in  the  various  organic  matters  in /which 
it  is  found ;  thefe  matters  afford  more  or  lefs  of  this 
acid,  when  treated  with  nitric  acid.  At  the  fame  time, 
when  the  acid  of  nitre  is  decompofed  by  organic  fub^ 
ftances,  together  with  nitrous  or  azotic  gas,  there  is  aUb 
difengaged  a  certain  quantity  of  carbonic  acid  gas, 
which  proves  the  organic  matter  to  have  loil  a  part-  of 
its  carbonaceous  fubftance,  and  at  the  fame  time  (hews 
the  oxalic  acid,  thus  produced,  to  contain  lefs  of  that 
principle  than  the  fubllance  from  which  it  is  obtained. 
Since  a  number  of  vegetable  acids,  particularly  the  tar<p 
tareous  acid,  &c.  pafs  into  the  (late  of  oxalic  acid,  in 
confequence  of  being  expofed  to  the  action  of  nitrous 
acid  ;  and  fmce  carbonic  acid  is  difengaged  while  this 
change  takes  place ;  it  follows  plainly,  therefore,  that 
all  the  vegetable  acids  have  thejame  radical  principle, 
and  differ  only  in  their  proportions  of  oxigene. 

In  the  Nouvell^s  de  la  Republique  dc  Lcttrcs  for  the 
year  1785,  No.  42.  and  44.  it  was  related,  that  M. 
]Cofegarten,  by  diflilling  nitric  acid  on  camphor,^  eight 
times  fucceilively,  had  obtained  from  that  matter  a  con- 
crete acid,  in  paralleiipiped  cryftals,  of  bitter  tafte,  and 
capable  of  reddening  the  tinflure  of  violets  and  turnfol. 
Uliat  fait,  according  to  this  chemift,  differs  from  oxalic 
acid,  as  being  incapable  of  feparating  lime  from  the  mu- 
riatic acid.  With  potafli,  it  forms  a  fait  in  regular 
^e;xagon$ ;  with  foda,  a  fait  in  irregular  cryftals  ;  with 

ammoniac. 
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ammoniac,  prifmatic,  or  needled  cryftals ;  ^th  mag- 
nefia,  a  foluble,  pulverulent  £dt.  It  diflblves  copper, 
iron,  bifmuth,  zinc,  arfenic,  and  cobalt.  But  thefe  fadi, 
which  have  not  yet  received  confim)ation,  are  not  fuf- 
ficient  to  enable  u^  to  enter  into  a  minute  account  of 
the  properties  of  this  acid,  which  is,  perhaps,  nbtbing 
but  a  particular  modification  of  ibme  one  of  thofe  of 
which  we  have  already  fpoken.  And  if  farther  ezperi- 
ments  on  this  acid  Ihall  difcover  it  to  pofiefs  peculiar 
properties,  different  from  thofe  of  the  other  acids,  its 
oature  and  charaderiftic  properties  muft  then  be  exa- 
mined under  the  name  of  the  camphoric  acid,  and  its 
neutral  falts  will  be  called  campborates. 

M.  Brughatelli  difcovercd,  in  the  year  1787,  that 
cork,  on  which  he  diftilled  four  times  its  own  weight 
of  nitrous  acid,  left  a  yellowifh  mafs,  thick,  acid,  foluble 
in  water,  and  of  a  four,  or  rather  a  bitter  tafte.  Tbk 
acid  is  not  fufceptible  of  cryftallization  ;  when  evapora- 
ted by  a  (Irong  heat,  it  takes  the  form  of  a  vifcous  mafs, 
like  wax,  which  is  fo  foft  that  it  may  be  moulded  with 
the  fingers.  It  is  foluble  in  alcohol ;  on  burning  coals, 
it  is  reduced  to  a  coal  without  inflammation ;  with  earths 
and  alkalis,  it  forms  deliquefcent  falts,  many  of  which 
cryftallize ;  laftly,  it  has  as  ftrong  an  affinity  with  lime 
as  the  oxalic  acid,  and  forms  with  that  earth  a  fait  that 
is  not  foluble  in  water,  but  may  be  difiblved  in  muriatic 
^cid.  Without  prefuming  to  fpeak  decifively  of  the  pe- 
culiar nature  of  this  acid,  M.  Brugnatelli  appears,  how- 
ever, to  think  it  diflferent  from  the  oxalic  acid.  Future 
experiments  mufl  determine  whether  this  be  really  a 
peculiar  acid  meriting  a  feparate  examination  ;  and  we 
piyft,  in  the  fame  manner,  leave  the  particular  nature 

of 
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of  that  which  has  been  difcovered  by  Meflrs  Prouft  and 
Angnloy  ia  ihe  noghbourhood  of  Madrid^  on  the  fur* 
faces  of  grey  peafe,  in  veficnlss  at  the  extremity  of 
the  hairs  of  that  leguminous  plant,  equally  undeter- 
Qiined. 

Thus  we  have  ghren  an  account  of  all  known  vege- 
table acids.  We  have  ftill,  however,  to  treat  of  thofe 
which  are  formed  by  fermentation.  But  as  the  chief, 
nay,  the  only  one  of  thefe  acids  that  is  known,  is  pro- 
duced in  confequence  of  an  alteration  taking  place  on 
licpiors  that  are  already  fermented,  we  will  give  its  hifto^ 
ry  immediately  after  that  of  fpirit^ous  fermentation^  an4 
its  prodq^ 
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nPHE  facchanne  matter,  which  many  chemifts  think 
to  be  a  fort  of  eflential  fait,  is  found  in  a  great 
many  vegetables,  and  is  to  be  confidered  as  one  of  their 
immediate  principles. — The  maple,  the  birch,  the  red 
beet,  the  parfnip,  the  grape,  wheat,  &c.  are  found  to 
contain  it.  MargraiF  extracted  it  from  mod  of  thefe  ve- 
getables. The  petals  of  many  flowers,  and  the  nedaria 
placed  in  thofe  organs,  prepare  a  principle  of  this  kind. 
The  fugar-cane,  ar undo  faccbarif era ^  is  the  plant  which 
contains  the  mod  of  it,  and  from  which  it  is  extra^ed 
with  the  greateft  advantage.  The  fugar-canes  arc 
cruflied  to  pieces  between  two  iron  cylinders,  in  a  per- 
pendicular pofition.  The  expreflfed  juice  falls  upon  a 
plain  furface  underneath ;  and  is  called  melajfn.  It  runs 
off  this  furface  into  a  boiler  with  aihes  and  lime,  where 
it  is  boiled  and  (kimmed  ;  and,  in  the  fame  manner,  it 
is  fucceflively  boiled  and  (kimmed  in  three  other  boilers ; 
and,  after  undergoing  thefe  boilings,  it  receives  the 

name 


Saccharine  Matter^  t^c.  301 

name  of  fyrup.  It  is  after  this  boiled  anew,  by  a 
ftfong  beat,  and  for  a  coniiderable  time,  with  lime  and 
alum.  After  being  fufficiently  boiled  and  concentrated, 
it  Is  poured  into  a  veflel  called  the  cooler.  When  ic 
is  fo  cool  that  the  finger  may  be  dipped  in  it  without  in- 
jury, it  is  poured  into  large  barrels  ftanding  over  cif- 
tems,  and  the  bottoms  of  which  are  perforated  with 
holes  flopped  with  canes.  In  the  barrels,  the  fyrup 
takes  the  form  of  a  folid  mafs,  part  of  it  running  off 
into  the  cifterns.  The  fugar,  when  thus  rendered  cotl^ 
Crete,  is  yellow  and  unduous ;  it  is  now  called  mufco^ 
vado.  In  the  fugar-iflands,  it  is  refined  by  boiling  it, 
and  then  pouring  it  fluid  into  inverted  cones  of  earthen 
ware,  called  pans.  That  part  which  cannot  be  render- 
ed concrete  runs  through  a  hole  in  each  of  the  pans, 
into  a  pot  placed  below ;  it  is  called  coar/e  fjrup.  The 
bafe  of  the  fugar-loaf  is  taken  away,  and  white  fugar 
in  powder  put  into  its  place,  and  preffed  well  down : 
The  whole  is  then  covered  with  pure  moifl  clay.  The 
water  of  the  clay  filtrates  through  the  fugar,  carrying 
off^  with  it  a  portion  of  the  mother- water  of  the  fugar, 
which  runs  out  by  the  holes  in  the  pans,  and  is  received 
into  new  pots.  This  is  czWtA  Jinefyrup^  as  being  purer 
than  the  former.  A  fecond  layer  of  clay  is  laid  on 
when  the  firft  becomes  dry,  and  flie  water  filtrates  through, 
a  fecond  time  :  When  the  water  contained  in  the  fecond 
layer  of  clay  is  drained  off,  the  loaves  are  removed  in- 
to a  flove  to  dry.  At  the  end  of  eight  or  ten  days 
thefe  loaves  are  broken,  and  fent  into  Europe  in  the  form 
of  brown  fugar,  which  is  here  refifled  into  fugar  of 
different  qualities. 

llie  refining  of  fugar  is  accomplifhtd'bf  d        It  h  in 
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lime-water,  and  with  bullock's  blood,  fkimining  it  turo 
or  three  times,  filtrating  the  liquor,  and  running  it  in 
pans,  to  give  it  the  (hape  of  loaves.  Thefe  loaves  ate 
then  coated  over  with  wet  clay,  the  water  of  which  i» 
fuffered  to  filtrate  through  them.  The  filtradon  is  re- 
peated with  frefli  clay,  till  the  fugar  become  fuffideotlj 
white.  The  loaves  are  then  removed  into  a  ftove,  and 
at  the  end  of  eight  days  are  wrapped  up  in  a  paper  for 
fale.  The/yruf  which  cannot  be  cryftallized  is  called 
molaffes.    - 

Chemifts  have  univerfally  been  of  opinioo^  that  thefe 
different  operations  feparated  from  fugar  a  fat  matter, 
and  thereby  rendered  it  fufceptible  of  cryftallizatioa. 
Bergman  thinks,  that  the  ufe  which  the  lime  ferves  is, 
to  carry  off  the  excefs  of  acid,  which  hinders  it  from 
taking  a  folid  form.  The  acid  can  be  no  other  than  die 
pyro*mucous  acid  which  is  formed  by  heal,  aa  we  have 
related  in  the  foregoing  chapter.  As  the  liquor  is  expo* 
fed,  during  the  operation,  to  a  violent  evaporation,  it  be* 
comes  a  granulated,  irregular  mafs,  agreeably  to  what 
has  been  already  obferved  of  fulphate  of  zinc. 

Sugar  is  a  fubftance  in  feme  meafure  of  an  interme- 
diate nature  between  effential  falts  and  mucilages.  It 
crydallizes  in  truncated  hexahaedral  prifms.  In  this  (late 
it  is  called  fugar-candy*  It  affords,  by  diftillation,  wa- 
ter, pyro-mucous  acid,  and  a  few  drops  of  empyreuma- 
tic  oil.  There  is  at  the  fame  time  difengaged  from  it  a 
confiderable  quantity  of  carbonic  acid  gas,  and  of  hydro' 
genous  gas,  with  coal  diffolved  in  it.  The  refidue  is  a 
fpongy  light  coal,  containfng  a  little  carbonate  of  potafh« 

Sugar  is  inflammable :  When  laid  on  burning  coalSi 
it  melts  and  fwells  ;  it  exhales  a  very  pungent^acid  va- 
pour; 
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>ottr  i  it  takes  a  brown*yellow  colour,  in  confequence 
if  which  it  redeves  the  name  of  caramel.  It  diflblves 
rery  readily  in  water.  It  communicates  to  it  a  confider- 
ible  ccmfiftency,  forming  with  it  a  fort  of  laccbarine  mu* 
ilage,  which  has  received  the  name  oifjrup.  This  fyrup^ 
vhen  diluted  in  water,  is  fufceptible  of  fermentation ;  it 
nay  even  be  converted  into  a  vinous  liquor,  and  alcohol 
iiftflled  from  it. 

Bergman  prepared  from  all  the  different  faccharino 
matters,  efpecially  from  fugar,— oxalic  acid,  by  means  of 
the  nitric  acid.  To  obtain  that  acid  from  thefe  matters^ 
put  into  a  retort  one  part  of  fugar  in  powder,  with  Cbc 
Df  nitric  add  :  Ezpofe  the  mixture  to  a  moclerate  heat ; 
continue  the  evaporation  for  fome  time  after  red  vs^urs 
ceaie  to  pals  j  leave  the  folution  to  cool ;  and  it  then 
predpitates  white  needled  or  prifmatic  cryftals,  which 
ire  concrete  oxalic  add. 

Sugar  is  very  much  ufed.— -It  is  an  artide  of  food^' 
vhich,  when  taken  in  too  large  a  quantity,  heats  the 
animal  fyftem.  It  is  much  ufed  in  pharmacy,  bdng  the 
bails  of  fyrups,  lozenges,  and  fome  other  preparations. 
It  contributes  to  diffolve  and  fufpend  in  water,  refins, 
oils,  &c.  It  ferves  to  preferve  fruits  reduced  to  jelly. 
It  may  be  even  confidered  as  a  medicine  ;  for  it  is  ind- 
five,  aperitive,  and,  in  a  flight  degree,  tonic  and  ftimu* 
lant :  And  accordingly  there  are  fome  inftances  related, 
in  which  diforders  ariiiDg  from  obftrudions  have  been 
cured  by  the  continued  ufe  of  fugar. 

There  are  Ibme  juices  of  plants  which  have  a  tafte  of 
fugar.  Manna  and  nedar  ar£  of  this  kind.  Manna  is 
obtained  from  the  leaves  of  fir,  oak,  juniper,  &c.  and 
maple- trees,  &c.    The  aih,  which  is  very^  plepteous  in 

Calabria 
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Calabria  and  Sicily,  affords  that  \7hich  is  commonty 
fold.  It  runs  naturally  from  thofe  trees,  but  is  obtained 
in  ftiil  greater  abundance  by  making  notches  in  the  bark 
of  the  tree. — ^That  which  is  received  on  chips  of  wood, 
or  fmall  flicks  introduced  into  artificial  apertures  in  the 
trees,  takes  the  form  of  hollow  flaladites^  and  is  called 
manna  in  tears.  Manna  in  flakes  runs  down  the  bark, 
and  contains  fome  impurities.  The  inferior  unfiuous 
Itxi  contains  many  extraneous  matters,  and  is  formed 
from  the  refufe  pieces  of  the  two  .former.  It  is  always 
humid,  and  frequently  altered.  The  tafte  of  man- 
na is  mild  and  iniipid  :'  That  which  the  larch-tree  that 
abounds  in  Dauphiny  affords,  and  that  of  the  alhagi, 
which  grows  in  Perfia,  around  Mount  Tauris,  are  not  in 
ufe  J  the  latter  bears  the  name  of  iereniabin.^^Mzxmx  is 
fohible  in  water ;  it  affords,  by  diflillation,  the  fame  pro- 
ducts as  fugar.  There  is  extracted  from  it,  by  means  of 
lime  and  white  of  eggs,  a  matter  refembiing  fugar^ 
which,  when  treated  with  the  nitric  acid,  affords  conaete 
oxalic  acid. 

It  is  given  as  a  purgative,  in  dozes  of  from  one  to  ttfo 
or  three  ounces ;  or,  when  it  is  given  as  a  difcuffivc,  a 
few  drachms  of  it  are  diluted  in  a  large  proportion  of 
water." 

Another  fort  of  proper  juice  is  that  called  gum  or 
ffiucilage.  This  fubflance  is  very  plenteous  in  the  vegc* 
tiible  kingdom.  It  is  found  in  a  great  many  roots : 
Young  flems  and  leaves,  immediately  after  their  appear* 
ance,  contain  a  good  deal  of  it.  This  principle  may  be 
known  by  its  vifcous  adhefive  property.  In  the  feafon 
when  the  juice  is  mofl  copious,  it  runs  naturally  down 
the  bark  of  tnecs,  und  thickens  into  gum  on  thc'furface. 

The 
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!  gum  U  foluble  In  water,  to  which  it  communicates. 
hick  vifcid  confiltency.  This  foluiion,  known  by  the 
ne  of  mucih^e^  becomes,  when  evaporated,  dry,  tranf- 
■ent,  and  friable. 
Sura  buriii  without  emitting  any  perceptible  flame, 
nelts  andfwells  upon  coals.  It  affords,  by  difliUation, 
[ood  deal  of  water  and  pyro-mucous  acid,  a  little  thick 
pwn  oil,  and  carbonic  acid  gas,  mixed  with  hydroge- 
ns gas  :  The  refidual  coal  is  very  bulky,  and  contains 
Kltle  carbonate  of  poiafh. 

Ve  know  of  three  forts  of  gum  that  arc  ufed  in  me- 

jpne,  and  in  the  nrts. 

\  I.  ITie  gum  of  the  apricot,  the  pear,  and  the  plum 

,  &c.     It  is  eilher  white,  yellow,  or  reddifh ;  the  belt 

hig  fort  of  gum  may  be  applied  to  the  fame  purpofes 

Jie  other   gums.      A  kind  of  gummy  juice,   of  a 

Mtifulorange-colour,  flows  from  the  elm  J  confiderabie 

Entities  of  it  are  fometimes  found  on  the  bark  of  the 

I  have  found  this  gum  to  poflcfs  the  properties  of 

tlpidiry,  infolubitity,  vifcidity,  with  the  other  charac- 

ftics  belonging  to  fucb  juices. 

,  Gum  Arabic,  which  runs  from  the  acacia  in  Egypt 
I  Arabia.  Gum  Senegal  is  of  the  fame  kind;  it  is  ufed 
nedlctne  as  a  mitigating  and  relaxing  remedy.  Cray- 
,  and  fome  other  fuch  compofitions,  are  indebted  to 
bi  their  confiflency.  Ii  is  ufed  in  various  arts. 
m.  Gum  Adriiganth,-  which  flows  from  the  adraganth  of 
tte  ;  A/lmgalis  Tragacantha.  It  is  adminiftered  in  the 
afes  as  Gum  Arabic  ;  the  folution  of  it  is  fome- 
Slekcr  than  the  foUition  of  Cum  Arabic  j  it  fopn 
U  dtpolUe* 
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depoiites  vUbid  (laker,  and  requires  more  water  to  difiblve 
it. 

Mucilages,  of  the  fame  nature  with  gums,  are  obtain- 
ed  from  various  plants.  The  roots  of  mallows,  marfli* 
mallows,  the  greater  comfrey,  the  bark  of  elm,  lintfeed, 
the  feeds  of  quinces,  &c.  afford,  by  maceration  in  water, 
vifcous  fluids  ;  which,  when  evaporated  to  dryaefs,  af* 
ford  real  gums*  In  medicine,  decoAions  of  thefe  plants 
are  ufed  inltead  of  folutions  of  gums. 

All  of  thefe  matters,  chemically  confidered,  appear 
at  firft-  view  to  be  nearly  iimple  bodies  ;  for  chemical 
operations  often  offer  to  our  obfervation  fubftances  of  a 
gelatinous  form,  much  like  that  of  gums  and  mucilages; 
yet,  from  thefe  produfts  of  vegetation,  which  appear  to 
form  a  fort  of  excrementitious  humour,  are  extraded 
water,  liquid  pyro-mucous  acid,  carbonic  acid,  an  oily 
principle,  and  fixed  alkali  united  to  a  coaly  refidue.  Ibis 
refidue  likewife  contains  a  fixed  earth,  the  nature  of  which 
is  flill  unknown. 

When  mucilages  and  gums  are  treated  with  nitric 
acid,  and  its  aftion  afTifted  by  heat,  they  afford  oxalic 
acid  in  cryflals.  1  hey  contain  therefore  the  oily  or  ra« 
dical  principle,  >vhich,  in  combination  with  oxigene, 
conftitutes  this  acid. 

This  analogy  between  mucilage  and  faccharine matter 
is  farther  obfervable  in  that  the  fmell  of  burnt  gum  is 
much  the  fame  with  that  of  caramel — ^that  the  produfis 
which  both  afford  by  diflillation  are  of  a  (imilar  nature— 
and  that  the  bulk  and  levity  of  the  refidual  coal  arc  the 
feme  in  both.  Someof  ihofe  fruits  which  become  faccha- 
rine, fuch  as  apricots,  pears,  &c.  exfude,  before  tbcy  be- 
eoBie  ripe,  a  real  gum.  1  hat  forr  of  dry  mncilage  which 

we 
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"we  are  liereafter  to  examine  under  the  name  of  amyla* 
(ceous  fecula^  feems  to  be  converted  into  faccharine  matter 
by  germination.  Thefd  fafls,  and  many  others  which 
might  be  joined  with  thete,  (hew  that  there  is  a  near  re- 
lation between  filgar  and  gum.  Perhaps  the  infipid  or 
gummy  muciiiage  pafles  by  a  fort  of  fermentation  into 
the  ftate  of  a  laccharine  body.  Were  this  an  afcertained 
£i&9  this  fermentation  would  come  m  order  before  that 
which  Boerhaave  has  called  fpiritUotts  fermentution  ;  and 
snuft  conftantly  precede  it,  both  in  the  natural  procefs  of 
Vegetation,  and  in  the  operations  which  art  employs  to 
|siroduce  the  laccharine  tafte  in  barley,  &c. 
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Qf  Oils  of  a  Jixed  Nature^  that  an  extracled  hj 

Exprejion. 


OILS  are  proper  juices,  of  a  fat,  unfluous  natare» 
either  fluid  or  folid,  not  foluble  in  water,  liable 
to  burn  with  flame,  volatile  in  various  degrees  :  Tbej 
are  contained  in  the  proper  vefTels,  or  in  particular  tefi- 
culae.  Thefe  bodies  are  found  exifting  in  two  ftates  in 
vegetables  :  They  are  either  combined  with  other  prin* 
ciples,  as  in  extracts,  mucilage,  &c.  or  they  are  free,  and 
not  united  with  any  other  principle.  Thefe  latter  oilf 
juices  arc  thofc  of  which  we  are  here  to  fpeak. 

Chemifls  have  fuppofed  the  exiftence  of  a  fimple  oilf 
principle,  as  well  as  of  a  primitive  fait.  This  oily  prin- 
ciple, combined  with  different  fubdances,  and  modified 
by  thofe  combinations,  conftituted,  according  to  them, 
the  various  forts  of  oils  that  were  obtained  by  analyfing 
vegetables.  The  charafters  which  they  afcribed  to  that 
fimplc  primitive  oil,  were,  great  fluidity,  an  high  degree 
of  volatility,  privation  of  colour  and  fmcU  :•— It  burn: 
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with  flame  and  finoke : — It  did  not  combine  with  water : 
—It  was  thought  to  confid  of  wgter  and  an  acid  com- 
bined with  an  earth  and  phlogtjlon.  It  is  certain  that  oils, 
when  decompofed,  always  aiFord  a  fmall  quantity  of  aciJ, 
and  a  good  deal  of  hydrogenous  gas  :  earth  conftitutes 
but  a  very  fmall  'part  of  them,  for  they  leave  but  very 
little  fixed  carbonaceous  relidue.  lliis  notion  of  the 
oily  principle  deferves  to  be  viewed  only  in  the  light  of 
an  hypothefls. 

Oils  are  never  formed  by  any  but  organic  beings ; 
and  f  uch  bodies  in  the  mineral  kingdom  as  are  of  an  oily 
nature,  always  owe  their  origin  to  the  aftion  of  vegetable 
or  animal  life.  It  is  even  highly  probable,  that  vege- 
tables are  the  only  bodies  in  which  oils  are  formed ;  and 
that  they  pafs  without  alteration  from  vegetable  into 
auiimal  bodies. 

The  oily  juices  of  vegetables  are  difiinguifhed  into 
fixed  oils  and  volatile  oils. 

Fixed  oils,  called  alfo/j/  oils^fweei  (?///,  oik  by  exprcjftcn^ 
are  very  unduous  :  they  have  generally  a  mild  and  in» 
iipid  tafte,  and  no  fmell ;  the  heat  requifite  to  volatilize 
them  is  above  that  of  boiling  water ;  and  they  never 
tabe  fire  till  they  are  brought  to  that  degree  of  heat 
which  is  requifite  to  volatilize  them. — It  is  for  this  pur* 
pofe  the  wick  ufed  in  burning  fixed  oil  in  lamps  is  em« 
ployed  ;  it  heats  the  oil  to  volatilization. 

Mod  fixed  oils  are  fluid,  and  require  no  confiderabic 
degree  of  cold  to  render  them  folid  :  Others,  again,  lofe 
their  fluidity  by  the  flighted  cold  ;  and,  laflly,  there  are 
others  always  folid :  Thefe  lad  are  called,  but  very  im- 
properly, ^f^ctable  butters. 

U  3  luxed 
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Fixed  oils  never  flow  from  the  furfaces  of  vegetables } 
They  are  contained  in  the  kerneb,  ibp  pippins^  and  emoU 
five  feeds.  They  are  extra^ed  by  bniifing  the  little 
cells  in  which  they  are  contained  j  th^t  if,  by  pounduig 
and  fqneezing. 

Fi^  oils,  when  eicpofed  to  the  air,  are  altered,  and 
become  rancid  j  their  acid  is  liberated }  they  lofe  the  jso^ 
perties  which  they  poflefled,  and  acquire  others,  in  con. 
fequence  of  which  they  a^re  nearly  affimilated  to  volatile 
pih.  Water  and  alcohol  carry  off  the  aqid,  and  thus  de- 
ftroy  their  rank  taftp^  but  nc^er  reftore  them  to  tbdr 
primary  ftate.  M.  {ferthollet  has  difcovered,  that  &t 
oils,  when  eicpofed  to  air,  by  being  thinly  fpread  ovei 
the  forface  of  water,  become 'thick,  anc}  aflume  pretty 
much  the  fame  appearance  with  ^^z*  It  is  at  prefent 
known  as  an  -undeniable  fa^t,  that  this  thickening  of  oils 
is  owing  to  their  absorbing  oxigene  from  the  atmofphere; 
for  all  fubftances  that  contain  this  principle,  and  refign 
it  to  fixed  oils, — as  fo^  inftance,  many  of  the  acids,  efpe* 
cially  the  oxigcnated  muriatic  acid,  and  metallic  oxides^ 
—thicken  fixed  oils,  and  reduce  them  to  a  flate  in  which 
they  refemble  wax. 

Fixed  oils  afford  by  diflillation  a  little  water,  contain- 
ing  a  very  acrid  pungent  acid,  fpme  light  pil*  a  thick 
oil,  and  a  larg^  quantity  of  hydrogenous  gas,  mixed  with 
carbonic  acid  :  They  leave  but  yery  little  refidual  coal. 
By  diftilling  thefe  produ^s  a  feqond  time,  pure  febacic 
acid  is  obtained,  of  which  we  will  have  occafion  to  fpeak 
in  the  animal  kingdoni,  ^ud  fome  oil,  ftiil  lighter  than 
what  was  before  obtained. — ^This  oil  is  improperly  called 
fhifofopbers  oil.  The  alchemifts  prepared  it  by  diftilling 
icyeral  Umes  fuccediv^ly,  a  brick  impregnated  with  fixed 


\\'.\ 


Fixed  Oils.  3 '  ^ 

•iL  Ic  IS  not  perfedly  knowa  how  far  this  decompofitlon 
may  be  carried :  formerly,  indeed,  it  was  faid  tha:  a 
fixed  qU  might  be  reduced  to  a  free  inflammable  pri;:* 
cipie ;  into  water,  acid,  air,  and  earth. 

^Id  water  efFc6ts  no  alteration  on  fat  oils  ;  it  purifies 
them  by  carrying  off  a  part  of  their  mucilage^  which  is 
likewife  precipitated  when  they  are  fubmitted  to  com- 
baftioDy  and  is  the  principle  that  renders  them  fufcep- 
tXbic  of  fermentation,  and  liable  to  become  rancid.— It 
is  well  known,  that  water  call  upon  thefe  oils,  when 
burning,  inftead  of  quenching,  caufes  them  to.  burn 
with  new  violence  :  the  reafon  of  which  is,  that  the  wa* 
ter,  being  decompofed,  fupplies  oxigene  to  the  oil,  and 
at  the  fame  time  gives  out  a  good  deal  of  hydrogenous 
gas.  When  the  vapour  which  proceeds  from  fixed  oil 
in  combuftion.  Is  coUefted  into  a  chimney  terminating  in 
a  worm-pipe,  a  confiderable  quantity  of  water  is  ob- 
tained ;  which  proves  this  immediate  principle  of  vege- 
tables to  contain  hydrogeoe. 

Fixed  oils  do  not  combine  with  illiceous  earth  :  With 
clay,  they  form  a  foft  pafte,  which  is  employed  in  chemi- 
cal manipulations,  under  the  name  of /ai  luie. 

They  combine,  by  particular  proceffes,  with  magnefia, 
and  are  thereby  reduced  to  a  faponaceous  ftate. 

Lime  combipos  with  them,  but  not  in  a  very  difcern- 
ible  manner,  when  the  combination  is  immediate.  Pure 
alkalis  combine  eafily  with  fat  oils,  producing  by  this 
combination  what  is  calledy^j^. 

In  makiag  foap,  oil  of  olives  or  fweet  almonds  is  tri- 
torated  with  a  concentrated  lixivium  of  foda,  rendered 
cauftic  by  lime ;  and  this  preparation  is  known  by  the 
name  of  foap-he. — ^In  the  courfe  of  a  few  days^  the  mixt 

y  4     ,  turc 


3 IS  Fixed  Oik. 

ture  becomes  thick,  and  forms  medicinal  foap.  Common 
ibap  is  prepared  by  boiling  the  lixivium  with  altered 
pil ;  it  is  then  white.  Green  foap  is  made  up  of  the  r^ 
fufe  of  olives  and  potafh. 

Soap  diflblves  in  pure  water :  Heat  decpmpofes  it^if- 
engaging  from  it  phlegm,  oil,  and  ammoniac,  formed  in 
confequence  of  the  decompofition  of  the  fixed  alkali  and 
the  oil ;  the  coaly  refidue  contains  a  good  deaiof  fixed 
alkali.  This  artificial  compofition  of  ammoniac  feems 
to  prove,  that  there  is  azote  in  the  fixed  alkali,  whidi 
re-ads  ppon  the  hydrogene  of  the  oil. 

Lime-water  decompofes  foap,  as  has  be^n  remarked 
by  M.  Thouvenel ;  an  infoluble  calcareous  foap  is  then 
formed,.and  depofited  in  fmall  lumps*  Acid$,  poured  oa 
'foap,  difengage  the  oil,  fomewhat  altered. 
'  Ammoniac  does  not  eafily  combine  with  fixed  oils : 
however,  by  long  trituration,  the  mixture  acquires  fom£ 
degree  of  confiflency,  and  becomes  opaque. 

Fixed  oils  combine  with  weak  acids  to  form  peculiar 
foaps.  Meirrs  Achard,  Cornette,  and  Macquer,  have 
examined  thefe  compounds.  M.  Achard  formed  them 
by  pouring  flowly  a  quantity  of  concentrated  fulphuric 
acid  upon  the  fixed  oil.  By  continued  trituration,  this 
mixture  is  formed  into  a  brown  mafs,  foluble  in  water 
and  alcohol.  The  oil  obtained  from  it  by  the  inter- 
vention of  alkalis,  is  always  more  or  lefs  concrete,  as 
well  as  that  obtained  by  didillation.  Macquer  advifes 
to  prepare  this  foap  by  pouring  acid  on  the  oil ;  but 
he  informs  us,  that  an  acid  foap,  formed  in  this  man- 
ner, is  fcarce  foluble  in  water ;  that  which  is  prepared 
of  concentrated  fulphuric  acid,  triturated  with  common 
?;kaline  (oap,  iz  more  foluble.     The  concentrated  ful- 
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phuric  acid  blackens  fixed  oils,  and  alfimilates  them  to 
bicumens.  This  phenomenon  Teems  to  be  produced  by 
the  re-adion  of  the  hydrogene  of  the  oil  on  the  oxigene 
cf  the  acid. 

The  fuming  nitrous  acid  blackens  fixed  oils  inftanta- 
ncoufly,  and  caufes  fuch  as  are  of  a  dry  nature  to  kindle 
and  emit  a  flame.  Thofe,  again,  which  cannot  be  fo  rea- 
dily dried,  require  to  kindle  them  a  mixture  of  this  a:id 
with  the  acid  df  fulphur,  as  ha^  been  Oiown  by  Rouelle 
the  elder,  in  his  Memoir  on  the  Inflammation  of  Oils. 
Academy^  year  1747. 

The  muriatic  and  the  carbonic  acids  a6t  with  but 
little  ftrength  on  fixed  oiis.-s- The  former  of  thefe,  how- 
ever, in  a  concentrated  ftate,  combines  with  them  to  a 
certain  degree,  according  to  M.  Cornette.  'Ihe  oxige- 
nated  muriatic  acid  thickens  them  a  good  deal,  and 
feems  to  make  them  pafs,  by  the  abforption  of  its  oxi- 
gene,  into  a  ftate  in  which  they  bear  a  great  refemblance 
to  wax.  " 

We  know  nothing  of  the  atlion  of  the  other  acids  on 
fixed  oils.  It  appears  that  they  do  not  combine  with 
neutral  falts.  Several  of  thefe,  and  efpecially  all  calca- 
reous falts,  decompofc  alkaline  foap.  In  this  inftance 
of  decorapofition,  particularly  when  fulphate  of  lime,  or 
of  magnefia,  which  is  often  found  in  union  with  waters, 
ilecompofes  this  foap,  the  fulphuric  acid  combines  with 
the  fixed  alkali  of  the  foap,  and  tliereby  forms  fulphate 
of  foda ;  the  lime  or  magnefia  combines  with  the  oil^ 
and  produces  a  fort  of  foap  that  is  fcarce  foluble,  and 
fwims  in  whitiflu  lumps  on  the  furface  of  the  water. 
This  is  the  caufe  of  the  common  appearance  produced 
by  bard  waters,  which  curdlo  foap,  but  do  not  diflblve  ir. 

■  2  The 
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The  adion  of  hydrogenous  gas  cm  fixed  oils  has  not 
yet  1>een  examined. 

Tbefe  oils  diflbive  fulphiir»  when  tbftir  a&ion  is  af* 
fifted  by  a  boiling  heat.  The  folntion  is  of  a  dark  red 
colour,  inclining  to  .brown.  It  has  a  very  foetid  fmelL 
It  depoiiteSt  by  degrees,  (ulpbttr  in  cryftals.  On  diftil* 
ling  this  combination,  the  fulphur  is  volatiliaed,  being 
fo  completely  diflblved  in  the  hydrogenous  gas  that  is 
difengaged  from  th(;  oil,  that  not  an  atom  of  it  is  to  be 
afterwards  founds  This  izSi  deferres  to  be  more  par- 
ticularly inquired  into.  There  is  alfo  a  little  fulphu* 
reous  gas  obtained  by  this  decompoiition. 

Fixed  oils  feem  not  to  be  fufceptible  of  combination 
with  pure  metallic  fubftances,  excepting  iron  and  cop- 
per, upon  whch  they  a£b  in  a  fufficiently  diftinft  manner. 
But  they  combine  with  metfillic  oxides,  and  form  with 
them  thick  concrete  combinations,  of  a  foapy  appear- 
ance^  as  is  obfervable  in  the  preparation  of  unguents  and 
plafters.  Thefe  preparations  have  not  been  yet  chemi- 
cally examined :  only  we  know,  that  fomc  mecailli: 
o»des  are  reduced  in  the  making  up  of  pladers ;  aS| 
for  inftance,  oxide  of  copper  in  the  Divine  Plafter,  and 
litharge,  or  oxide  of  lead,  in  the  ointment  de  la  mere. 
In  the  aflaying  of  metals,  fixed  oils  are  employed  to  r& 
duce  the^  metallic  oxides.  M.  BerthoUet  has  given  an 
ingenious  and  fimple  procefs  for  effe^ing  inftantaneouily 
a  teal  combination  between  fixed  oil  and  any  metallic 
oxide,  that  is,  for  preparing  a  metallic  foap.  It  coniifti 
in  pouring  a  metallic  folution  into  a  folution  of  common 
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foap.     The  acid  of  the  metallic  folution  combines  with 

the  fixed  alkali  of  the  foap ;  and  the  metallic  oxide  ii 

then  precipitated  in  union  with  the  oil,   to  which  it 
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communicateB  a  cdlour.  In  this  mannet,  laap  of  a 
beautiful  green  colour  may  be  prepared  with  fulphate 
of  copper ;  and  with  fulphate  of  iron,  a  clear  deep  brown 
foap.  Th^fe  compounds  might  be  very  ufeful  in  paint- 
ing. 

Scheele  has  ctifcovered,  that  when  oil  of  fweet  al- 
monds, olives,  rapefeed,  or  lintfeed,  is  combined  witli 
pxide  of  lead,  with  the  addition  of  a  little  water,  ther^ 
is  a  matter  feparated-  from  the  oil,  which  fwinu  on  the 
(urface  of  the .  liquor,  and  to  which  he  has  given  the 
name  of  the  mild  principle.  On  evaporating  this  fuper- 
natant  water,  the  principle  diflblved  in  it  caufes  it  to  take 
the  coniiftency  of  fyrup  ;  when  expofed  to  a  ftrong  heat, 
k  takes  fire  :  one  part  is  volatilized,  in  didiilation,  with* 
out  burning :  the  coa^.  which  it  'i^ves  is  light :  it  does 
not  cryftalli;^  \  nor  does  it  feem  to  be  fufceptible  of 
fermentation.  Nitric  acid  diftfUed  on  this  matter,  four 
times  fucceifively,  changes  it  into  oxalic  add*  This 
mild  principle  of  Scbeele^s  appears  to  be  a  fort  of  mu«» 
cilagd. 

Fixed  oils  diflblve  bitumens,  particularly  amber ;  but 
they  mull  be  affiled  by  the  a£tion  of  heat,  in  order  to 
effeft  this  folution.  They  form  a  fort  of  greafy  varnifh, 
which  does  not  readily  become  dry. 

Fat  oils  may  be  diftinguifhed  into  three  genera : 

To  the  Jirji  clafs  belong  fuch  pure  fixed  oils  as  are 
fixed  by  cold,  are  ilowly  thickened,  form  Ibaps  with 
acids,  and  are  kindled  only  by  a  mixture  of  the  acids 
of  fulphur  and  of  nitre.    Such  are, 

1 .  Oil  of  olives,  pbtained  by  bruifmg  'that  fruit  be- 
tween two  millftones,  and  prefling  it  in  bags  made  of 
ruibe;.     Jhat  which  ryns  fir  ft  is  called  virgin  oil ;  that 
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^hich  is*^  obtained  from  mark  fprinkled  with  water  is  not 
fo  pure,  and  depofites  a  lee ;  that  obtained  from  unripe 
olives,  is  the  oleum  omphacinum  of  the  ancienfs.  Oil  of 
olives  freezes  at  lo**  degrees  under  Zero  in  Reaumur's 
thermometer,  or  loj  above  that  point  in  Fahrenheit's, 
and  will  (land  about  twelve  years  without  becomiog 
rancid. 

'  2.  Oil  of  fweet  almonds,  extra£t£d  without  the  appli* 
cation  of  heat,  becomes  very  foon  rancid  :  it  freezes 
at  &*  under  o  in  Reaumur's  fcale,  or  i  yi  of  Fahren- 
heit's. 

3.  Oil  of  rapfeed,  obtained  from  the  feed  of  a  kind  ef 
cabbage  called  colfa. 

4.  Oil  of  ben,  extracted  from  the  bcn-nut  of  Egypt 
and  Arabia.  It  is  very  acrid,  and  deftitute  of  fmell 
It  freezes  very  eafily. 

The  fecond  genus  comprehends  oils  fubjed  to  become 
dry,  which  are  very  eafily  rendered  thick,  arc  not  fixed 
by  the  action  of  cold,  are  kindled  by  the  nitrous  acid 
alone,  and  form,  with  fulphuric  acid,  a  fort  of  refm, 
Such  are, 

1.  Lintfeed-oil,  obtained  by  preffurc  from  lintreed 
roafted.  It  is  ufed  for  oily  varnifhes,  and  in  paint- 
inp:. 

2.  Oil  of  nuts,  applied  to  the  fame  ufes. 

3.  Oil  of  carnations,  or  poppy  feed ;  which,  as  has 
been  fully  proved  by  the  Abbe  Rozier,  is  not  at  all 
narcotic. 

4.  Oil  of  hempfced,  which  is  very  drying. 

Under  the  third  genus,  we  comprehend  concrete  fix- 
ed oils,  or  vegetable  butters  ;  among  which  we  may  dif- 
tinguifh  the  following  : 
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1.  Butter  of  cacao,  extra6ted  from  the  cacao*nut.— 
There  are  four  forts  of  cacao  ;  the  large  and  the  fmall 
caracca,  the  berbice,  and  that  of  the  Iflands.  This  but- 
ter 18  extracted  from  the  nut  boiling  in  water ;  it  is 
purified  by  melting  it  by  a  very  moderate  heat. 

2.  The  coco  affords  a  fimilar  butter. 

3.  Vegetable  wax  is  of  the  fame  nature,  only  more 
iblid.  It  is  the  production  of  China.  It  is  there  made 
into  yellow,  white,  or  green  candles,  the  colour  vary- 
ing with  the  manner  in  which  the  wax  is  extraded. 
The  catkins  of  birch  and  poplar  aSbrd  a  fmall  quantity 
of  a  fimilar  wax. — ^That  of  Louifiana  is  more  plenteous. 
M.  Berthollet  eailly  whitens  it  with  oxigenated  muriatic 
acid. 

Fixed  oils  arie  much  ufed  in  the.arfi,.  and  in  medi- 
cine, and  arc  applied  to  various  purpofes.  In  the  latter 
they  are  ufed  as  fofcening,  relaxing,  calming,  and  laxative 
medicines.  Some,  of  them  are  even  purgative ;  as,  for 
inftance,  the  Oleum  Rianh  wliicb  has  been  found  to 
deftroy  the  taenia,  or  folitary  worm,  and  caufe  it  to  be 
evacuated.  They  enter  into  a  great  many  compound 
medicines,  fuch  as  balfams,  unguents,  and  plafters.-^ 
Ladly,  they  are  fometimes  ufed  as  feafoning,  or  food, 
on  account  of  their  agreeable  tafte,  and  the  mucilage 
which  they  contaiq. 


-  •     C  H  A  ^. 


CHAP.     T. 


Of  Volatile  Oils. 


VOLATILE  or  effential  oils  are  diftinguiflied  ftooi 
fixed  oils  by  the  following  peculiar  propMiet.-^ 
Their  fmell  is  Arong  and  aromatic  i  They  are  ib  toIs- 
tile,  that  they  may  be  diftilled  by  thelieat  of  boiliag 
water :  Their  tafte  is  very  acrid :  I'hey  are  much  more 
combuftible  than  the  other  clafs  of  oils. 

Thefis  oils  are  found  to  exift  in  almoft  altodoroni 
plants.  They  are  contained  either  in  the  whole  plants 
as  in  the  angelica  of  Bohemia,  or  only  in  the  tootd 
the  plant,  as  in  flarwort,  the  iris,  white  dittany,  and 
kidney ;  or  in  the  ftem,  as  in  fandal,  (aflafras,  and  pine* 
wood ;  or  in  the  bark,  as  in  cinnamon.  Sometimes  it 
is  confined  to  the  leaves,  as  in  balm,  peppermint,  worm- 
wood, &c.  In  other  plants,  it  is  found  in  the  calices  of 
the  flowers  :  Of  this  kind  are  the  rofe  and  lavender ; 
the  petals  of  camomile  and  the  orange*flower  are  filled 
with  it.  '  It  is,  at  other  times,  fixed  in  the  fruits,  as  is 
oubebs,  pepper,  and  juoiperberrits.    Laftly,  A  number 
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of  Tegetables  contain  it  in  the  (bed ;  fuch  3S  nutmeg, 
anife,  fennel,  and  the  many  umbelliferous  plants. 

Thefe  oils  differ  from  one  another,  1 .  In  their  quan- 
tity, t^hich  varies  according  to  the  (late  or  age  of  the 
plant :  2.  In  con(iftency ;  fome  are  very  fluid,  fuch  as 
thofe  of  lavender,  rue,  &c. ;  fome  congeal  by  cold,  fuch 
as  oil  of  anife,  and  fennel ;  others  are  always  concrete, 
of  which  kind  are  the  oils  of  rofes,  parfley,  kidney* wort, 
and  ftar-wort :  3.  In  colour  ;  fome  are  deftitute  of  co- 
lour ;  others,  fuch  as  oil  of  lavender,  are  of  a  pale  yel- 
low ;  or  a  dark  yellow,  as  oil  of  cinnamon ;  or  blue, 
as  oil  of  camomile  ;  or  fea-green,  as  oH  of  St  John's- 
wort ;  or  green,  as  oil  of  parfley :  4.  In  gravity ;  fome 
fwim  on  the  furface  of  water,  moft  of  thofe,  indeed,  that 
are  produced  in  temperate  countries  ;  others  (ink  to  the 
bottom  of  that  fluid,  as  oil  of  fa(rafras,  of  carraway-feeds, 
and  moft  oils  of  this  kind  from  hot  countries  ;  this  pro- 
perty, however,  is  not  conftant  with  refpeft  to  climate, 
for  the  eflential  oils  of  pepper,  nutmegs,  and  mace,  &c. 
are  lighter  than  water  :  5.  In  tafte  and  fmell ;  the  tafte 
of  an  cifential  oil  is  often  very  diflferent  from  that  of 
the  plant  from  which  it  was  extraded  ;  pepper,  for  in- 
(lance,  aflfords,  a  mild  oil,  and  oil  of  wormwood  is  not 
bitter. 

Volatile  oils  are  extrafted,  i.  By  pre(rure,  from  codra, 
bergamot,  lemons,  oranges,  &c. ;  this  is  called  ejfence : 
2.  By  diflillation ;  the  plant  is  put  into  the  cucurbite  of 
a  copper  alembic,  with  water ;  the  water  is  boiled,  ^nd. 
the  oil  paflfes  together  with  the  fluid,  and  gathers  above 
it  in  a  receiver  prepared  for  their  reception. 

Volatile  oils  are  adulterated  either  bv fixed  oils,  which 
is   dctefted  by  their  (laining  paper ;  or  by  oil  of  tur- 
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pentln^^  which  may  be  difcovered  by  die  ftrong  fmdl 
peculiar  to  turpentine,  which  always  remains  after  the 
eflential  oil  is  evaporated ;  or  by  alcohol^  and  then  wa- 
ter, by  rendering  the  mixture  turbid^  deteds  the  al« 
tcration  produced  by  this .  fubftance. 

Volatile  oils  lofe  their  fmell  by  a  moderate  beat.  As 
they  are  To  very  volatile,  fire  does  not  decompofe  them. 
XVhen  heated  in  clofe  veflels,  they  give  out  a  large 
proportioa  of  hydrogenous  gais.  When  heated  in  contact 
with  air,  they  take  fire  fpccdily,  and  exhale  a  very  thick 
fmoke,  which  is  condenfed  into  a  very  fine,  light,  carbo- 
naceous matter  :  They  leave  but  very  little  coaly  refidue 
after  inflammation,  being  fo  volatile,  that  the  carbona- 
ceous matter  is  carried  off  along  with  the  part  that  b 
volatilized. 

When  expofed  to  the  air,  they  become  thick,  and^ 
in  procefs  of  time,  are  converted  into  refins^  They  de- 
pofite  needled  cryflals,  like  thofe  of  fublimated  cam- 
phire.  Geoffroy  the  younger  obferved  thefe  cryftals  in 
the  volatile  oils  of  mother- worjt,  marjoram,  and  turpen- 
tine. Their  fmel!,  he  informs  us,  is  much  the  fame 
with  that  of  camphire.     jicad.  1721,  page  163. 

They  combine  with  feme  difHcuIty  with  lime  arJ 
alkalis  ;  and  form  with  thefe  fubftances  imperfeft  foaps, 
to  which  we  give  the  name  oi  faponulai  Acids  alter 
them  ;  the  concentrated  fulphuric  acid  changes  them 
into  bitumens  ;  when  weak,  it  forms  with  them  a  fort 
of  foap4  The  nitrous  acid  inflames  them ;  the  mu- 
riatic acid  reduces  them  to  a  faponaceous  flatc;  ih« 
cxigenated  muriatic  acid  thickens  them. 

Tbey  aft  not  upon  neutral  falts. 
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They  combine  very  eaHly  with  fulphur,  with  which 
they  form  compounds  that  are  called  balfams  offulpbur^ 
in  which  the  fulphur  is  fo  divided  that  it  cannot  be  ex- 
tra&ed,  but  is  feparated  by  heat  in  the  form  of  fulphu- 
rated  hydrogenous  gas. 

Mucilages  and  fugar  render  them  foluble  in  water. 
They  are  ufed  in  medicine  as  cordials,  (limulants,  ami- 
fgaSmodicSj  ice  Externally  applied,  they  are  powerful 
antifepticSy  and  (lop  the  progrefs  of  caries  in  the 
bones. 


Vofc.  m.  X  C  H  A  P* 


CHAP.    VIIL 


Of  ibe  Campboraie  Principle* 


CAMPHOR  is  a  t^^hite  rtiartcf ,  concrete,  ctyftalKncy 
and  of  a  ftrong  tafte  and  fmell ;  in  fome  of  it» 
properties  nearly  allied  to  volatile  oils,  but  widely  dif« 
tinguiflied  from  them  by  others. 

Chemifts  have,  from  a  great  variety  of  obfervations, 
concluded  camphor  to  be  an  immediate  principle  of  re- 
getables,  which,  they  think,  exifts  ia  all  highly  odorous 
pkints  that  contain  volatile-  oil.  It  has,  in  fad,  been 
obtained  from  the  roots  of  the  cinnamon  tree,  zedoary, 
thyme,  rofemary,  fage,  and  many  other  labiated  plants, 
either  by  diftillation  or  decoflion,  as  has  been  obferved 
by  Carcheufer  and  Neumann.  But  the  quantity  of  the 
camphor  thus  obtained  is  very  fmall,  and  it  always  re- 
tains  a  fmell  of  the  plant  from  which  it  was  extraded. 
This  lingular  fubflance  appears  to  be  combined  with  the 
volatile  oils  of  thefe  vegetables,  as  thofe  oils  have  been 
obferved  by  Geoffroy  to  depofite  needles  of  camphor* 
I  have  feen,  in  the  poffeffion  of  M.  Joffe,  apothecary  at 
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lE^ris,  true  camphor  extracted  from  the  root  of  elecam- 
pane. Lorry  thought  camphor  a  very  general  principle 
in  vegetables^  and  placed  its  aromatic  flavour  at  tlie  head 
of  a  clafs  of  very  powerful  odours,  the  efie&s  of  which 
on  the  animal  ceconomy  well  merit  the  attention  of 
phyficbns.  M.  Proud  has  publifhed  a  DiiTertation,  in 
which  he  defcribes  a  procefs  for  obtaining  camphor  in 
conliderable  quantity  from  the  oils  of  feveral  aromatic 
plants  that  grow  in  MureiL 

The  camphor  ufed  in  medicine  is  extraded  from  a 
fort  of  bay-tree  that  grows  in  China,  Japan,  and  in  the 
ifles  of  Borneo,  Sumatra,  Ceylon,  &c.  The  tree  which 
produces  it,  often  contains  it  in  fuch  abundance,  that 
very  large  and  pure  tears  of  camphor  may  be  obtained 
from  it  folely  by  fplitting  the  wood.  It  is  commonly  ^ 
however,  extradled  by  difUUation.  The  roots,  or  other 
parts  of  the  tree,  are  put  into  an  iron  alembic,  with  wa- 
ter, covered  over  with  a  capital,  containing  ropes  of  rice- 
ftraw,  and  thus  expofed  to  heat.  The  camphor  is  fub- 
limated'in  fmall  greyiih  grains;  and  thefe ragain  unite 
into  larger  pieces.  This  crude  camphor  is  impure. 
The  Dutch  purify  it  by  fublimating  it  in  a  fort  of  bal- 
loon^ and  adding  an  ounce  of  lime  to  the  pound  of  crude 
camphor. 

Camphor  is  much  more  volatile  than  the  efiential 
oils ;  for  the  gentled  heat  is  fufficient  to  fublimate^it. 
It  crydallizes  in.  hexagonal  plates,  with  a  dem  in  the 
middle.  When  a  drong  heat  is  applied,  it  melts  before 
volatilizing.  It  does  not  appear  to  be  decompofable 
by  xtiti  means  :  however,  when  didiiled  a  number  of 
times  fucceflively,  it  adbrds  a  reddiih  phlegm,  evidently 
of  an  acid  nature  \  and  this  fliews,  that  if  the  procefs 
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were  carried  farther,  its  nature  might  at  length  he  al« 
tered.  I'he  temperature  of  fdmmer  is  fuificient  to  to- 
larili^e  caimplior.  When  expofed  to  the  air^  it  is  en- 
tirely difiSpated  and  loft  ;  when  iaelofed  in  clofe  Teflelii 
it  is  fubHmated  in  hexagonal  pyramids,  o^  in  polygon 
cryftals,  which  were,  in  the  year  17569  obferved  and  de- 
fcribed  by  Romieo.  It  exhales  a  ftrong  fmeli,  too  ftrong 
indeed  for  the  nermes  of  fome  people  to  bear.  It  takct 
fire  tery  eafily,  burns  with  a  good  deal  of  fmc^e,  and 
leaves  no  coaly  refidue. 

It  is  not  folnble  in  water ;  it  wilt,  however,  commB- 
nicate  ks  fmell  to  water  :  it  bams  on  its  furface.  Ro- 
mieu  has  obfenred,  that  fmall  pieces  of  camphor,  one 
third,  or  one  fourth  of  a  line  in  diameter,  when  pot 
into  a  glafs  of  ptire  water,  move  rounds  till  they  are  at 
length  diflblred  in  abotit  the  fpace  of  half  an  hour.  He 
fnfpefts  this  motion  to  be  an  effefi:  of  eleftricity ;  and 
obferves,  fhat  it  ceafes  when  the  water  is  touched  wiA 
any  body  that  can  a£t  the  part  of  a  conduflor,  fudi  as 
iron- wire ;  and  that,  on  the  contrary,  it  ftill  continues, 
thotigfa-  the  water  be  toncfaed  with  an  infulating  body, 
fuch  as  glafs,  refin,  fulphur,  &c. 

Earths,  faiino-tenrene  fubftances,  and  alkalis,  are  in* 
capable  of  ading  on  camphor.  We  muft  obferre,  how- 
ever, that  the  power  of  cauftic  alkalis  on  this  fubflance, 
has  not  yet  been  brought  to  trial. 

Acids,  when  concentrated,  difToIve  camphor.  Tie 
fulphuric  acid  diflblves  it,  with  the  help  of  heat :  the  fo- 
lution  is  red.  The  nitric  acid  diflblves  it  ilo^i4y :  diii 
folution  is  yellow.  As  it  fwims  over  die  acid  in  tbe 
fame  way  as  oils,  it  has  been  improperly  called  »l  / 
camphor.  M.  Kofegarten  has  difcovered^  as  has  been 
I  takca 
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taken  dacicc  of  in  tbe  Vllth  Chapter^  that  the  nkric  acid^ 
when  diiliUed  eight  times  fucceilively  upon  camphor, 
changes  into  a  cryitallizable  acid,  which  he  tbtak$  to 
be  of  a  pecuHar  nature. 

The  muriatic  acid  gas  difloLves  camphor  ;  ^  likewife 
do  the  fttlphureous  acid  gas^  and  tbe  fluoric  add  gas. 
When  water  is  poured  into  thefe  foUrtions,  they  become 
torfoid  ;  the  camphor  is  feparated  in  flakes,  which  fwim 
an  the  fur&ce  of  the  liquor,  and  appear  to  have  fuffa> 
fid  no  aheration.  Alkalis,  tbe  falino-terreae  fub- 
Aances,  and  metallic  matters  likewife  pcecipitate  theCb 
ibItttioQs. 

Neutral  falts  aft  not  jupon  cannon  We  know  not 
«a  what  manner  fslphur -and  bitumens  aft"npon.thi$ 
fiibftasce  ;  but  they  are  probably  capable  of  combining 
fridi  it. 

_  The  fixed  and  tbe  volatile  oils  difTolve  camphor  wit^ 
£he  help  o(  heat.  Thefe  folutions,  when  cooled,  depo- 
iite,  by  degrees,  cryftals  in  a  vegetative  form,  fimilar  tp 
^ofe  that  are  formed  in  folutions  of  ammoniacal  mu- 
riate ;  that  is,  confiding  of  a  ftalk,  with  very  fine  fila- 
ments extending  from  it  horizontally.  Thefe  filaments^ 
which  in  their  di^oiition  i;e{emble  the  heard  of  a  fea- 
ther, exhibit  a  very  beautiful  and  regular  appearance^ 
when  viewed  through  a  microfcope.  We  owe  this  fine 
faft  to  Romieu,  (^Academy  1756,  pag^  448-)  The  folu- 
cion  of  camphor  in  alcohol,  which  is  much  better  known, 
and  much  more  in  ufe  than  the  preceding  fohition,  was 
^'bferved  by  the  fame  chemift  to  afford,  by  a  particular 
procefs,  a  fpecies  of  cryflajlization  fomewhat  different. 

Camphor  is  one  of  the  moft  potent  remedies  which 
medicine  employs.     It  difpels  inflammatory  tumours  in  a 
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very  (hort  time.  It  is  ufed  as  an  andfpofmodic  and  an* 
tifeptic  medicine,  in  infedious  diftempers,  the  malignant 
fever,  and  all  difeafes  in  general  that  are  attended  with 
aflfedions  of  the  nerves  and  putridity.  In  France,  it  is 
given  only  in  dofes  of  a  few  grains :  In  England  and 
Germany,  they  go  fo  far  as  to  give  it  in  dofes  of  feveral 
dracbois '  a-day.  It  is  alfo  worthy  of  being  mentioned, 
that  camphor  alleviates  burnings,  and  pains  in  the  uri- 
nary paflages,  fo  fpeedily  often  as  might  tempt  the  pa* 
tient  to  think  his  relief  the  effed  of  enchantment.  It  is 
given  either  triturated  with  the  yolks  of  eggs,  fugar, 
and  gums,  or  in  the  ftate  of  oil  of  camphor,  and  always 
in  certain  drinks  prepared  fer  the  purpofe.  Surgeons 
apply  camphorated  fpirit  of  wine,  of  the  compolidon  of 
which  we  (hall  hereafter  give  an  account,  to  external 
gangrenes ;  and  the  liquor  often  puts  a  flop  to  didr 
progrefs. 
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CHAP.    xn. 


I 

Of  the  Spiritus  R^^or^    cr  ibe  Aromatic  Principle  4f 


T>  OERH AAVE  gives  the  name  of  fpiriius  re^cr  to 
•*^  that  principle  to  which  plants  owe  their  fmell : 
very  little,  however,  is '  as  yet  known  concerning  the 
properties  of  this  fmgular  fubftance,  which,  from  its  in* 
fluence  on  the  animal  ceconomy,  fo  ilrongly  attrads 
our  notice.  We  ufe .  the  name  aromay  inflead  of  Jpi- 
riftis  redor^  deriving  ^it  from  the  well-known  term 
tnrwutttc» 

The  aromatous  princi^e  of  plants  appears  to  be  very 
•volatile,  very  fugitive,  and  very  fubtle ;  it  is  continually 
difengaged  from  plants,  forming  around  them  an  odo- 
rous atmofphere,  of  a  wider  or  a  narrower  extent.  Plants 
differ  all  from  one  another  in  the  quantity,  the  flrength, 
and  the  nature  jof  their  aromatous  principle.  Some 
are  plenteoufly  provided  with  this  principle,  and  lofe 
it  only  in  part  when  dried,  fo  that  it  would  appear  to 
be  in  fome  meafure  fixed  in  them  :  of  this  kind  are  ir. 
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general  all  odorous  woods,  and  all  the  dry  and  ligneous 
odorate  parts  of  vegetables.  In  others,  this  principle  is 
fo  fugitive  and  volatile,  that  though  they  be  ftrongl]^ 
odorous,  they  can  fcarce  be  rendered  permanently  fo. 
Laflly,  there  are  ibme  plants  which  poflefs  the  odorous 
principle  in  fo  low  a  degree,  that  they  are  faid  to  be  in- 
odorous, ai)d  their  aroma  has  been  diftinguifhed  as  bn* 
haceous. 

Hie  flighted  degree  of  heat  is  fuffident  to  difengaige 
the  aroma  of  plants.  To  obtain  it,  the  plant  muft  be 
diftilled  in  a  halneum-maria^  and  its  vapours  received  in- 
to a  cold  capital,  which  may  condenfe,  and  conduft 
them  in  a  fluid  ftate  into  the  receiver.  The  produd  is 
pure  odoriferous  water,  and  is  known  by  the  name  of 
eflential  or  didilled  water.  This  liquor  is  to  be  confi* 
dered  as  a  folution  of  the  odorous .  principle  in  water. 
That  principle  is  more  volatile  than  the  water  in  which 
it  is  diiTolved.  This  aromatic  water,  when  heated,  lofes 
by  degrees  all  its  fmell,  and  become^  infipid.  It  fuffers 
the  fame  alteration  when  expcxfed  to  air ;  it  then  dc- 
pofites  very  light  flakes,  of  a  mucilaginous  appearance, 
and  acquires  a  fmell  of  mouldinefs. 

The  principle  of  fmell  combines  with  oily  juices;  and 
even  appears  to  conilitute  one  of  the  eletnenurjr  prin- 
ciples  of  volatile  oils  ;  for,  i.  Thefc  oils  are  always  im- 
pregnated with  it :  2.  Thofe  plants  in  which  the  prin- 
ciple of  fmell  is  coniiderabiy  fixed,  afford  invariably 
more  volatile  oil  than  thofe  of  which  the  fmell  is  very 
fugitive  ;  many  of  which,  as,  for  xnftance,  thofe  of  the 
lily  kind,  often  aflford  no  volatile  oil  at  all.  The  ardmt 
of  this  latter  dafs  of  plants,  fuch  as  the  tuberofe  and 
the  odoriferous  lily,  need$  to  be  combined  with  fixed 

oilsi 


Sfiritai  ReOmr  y  Piants*  329 

oUs»  in  order  to  ^prevent  its  efcftpe.  Tlie  jafmine,  too, 
is  of  the  (koie  chira&er.  The  flowers  of  thefe  plants 
are  put  into  a  tin  cucurbite  with  cotton,  moiftened  with 
<m1  oi  ben ;  the  flowers  and  the  cotton  are  difpofed  in 
alternate  \afGS%  %  the  cacorbite  is  then  fliut,  and  expofed 
to  a  gentle  heat:  The  arcmia,  difengaged  from  the 
flovers,  then  'Combines  with  the  •oil,  Xb  as  to  become 
pwnianently  fiiced.  3.  Plants  that  have  no  fmeli,  never 
afford  a  Angle  piurticie  of  volatile  oiL  4.  Vegetables, 
iirom  which  aromatic  water  has  been  eztraded  by  dil- 
tflbtioQOn  the  btlneun-marise^  no  longer  a£ford  any 
jpolatik  oil ;  at  leaft,  unlets  dbey  ftill  reuin  Ibme  little 
tfliell;,  and  even  in  that  cafe  they  afford  but  a  very  fmaU 
quantity  of  oil.  5.  Volatile  oil  that  has  lofl:  its  fmell, 
readily  regains  it  with  all  its  {u-operties,  when  diftilled 
<with  a  frelh  fbnt  of  the  fame  fpecies  with  thofe  from 
which  it  was  aft  firft  e:ittraded. 

The  a£ddn  of  ialine  matters  on  aromatic  water  hat 
not  yet  been  examined.  M.  BerthoUet  has  dilcovered, 
that  the  osdgenated  muriatic  acid .  often  deftroys  the 
fmell  of  vegetables,  and  of  confequence  alters  their 
aroma.  It  has  of  late  been  uTed  to  determine  the  de- 
gree or  intenfity  of  the  aroma  of  feveral  fubftances  that 
are  ufed  as  perfumes. 

The  nature  of  this  principle  is  not  the  fame  in  all 
plants ;  it  varies  aixording  to  the  genera  of  the  plants 
to  which  it  belongs.  Macquer  follows  Boerhaave  in 
thinking,  that  it  is  generally  a  compound  of  an  inflam- 
mable fttbftance  with  a  ialine  matter;  but  obferves, 
that  it  fometimes  partakes  more  of  a  faline  nature,  and 
at  other  times  approaches  nearer  in  nature  to  oily  mat« 
ters.    The  aroma  of  cruciform  plants,  he  thinks  to  be 

ialine ; 
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faline ;  and  aftribes  to  it  to  the  charaderiftics  of  being 
pungent  and  penetrating,  yet  not  aflfefHog  the  nerves: 
'Hiat,  again,  which  is  infipid,  or  ftrong,  but  not  pangeDf, 
and  afFci^s  the  nerves,  fo  as  either  to  occafion,  or  to 
mitigate,  fits  owing  to  the  particular  ftate  of  the  nervooi 
fyftero,— effects  which  aromatic  and  narcotic  plants 
ufually  produce ; — that,  according  to  this  celebrated 
chemift,  has  more  of  an  oily  than  of  a  faline  nature.  Se- 
veral fads  concur  to  fupport  this  opinion.  The  fraxi- 
neila  difFufes  an  odour  which  forms  an  inflammable  at- 
mofphere  around  it ;  and  whenever  a  burning  body 
comes  within  this  atmofphere,  it  takes  fire;  and  the  va- 
pour then  burns  from  the  lower  to  the  upper  part  erf 
the  ftem  that  fupports  the  flowers. 

The  aroma  of  the  fraxinetla  feems  therefore  to  be  of 
an  oity  nature.  Venej,  a  chemift  at  Montpdier,  who 
(ludied  under  Rouelle,  extra£ted  an  acid  fpiritus  redor 
from  favoy  (marum)  by  a  gentle  heal ;  and  Roux,  pro- 
feflbr  of  chemiftry  in  the  fchools  of  medicine,  having 
examined  the  produd,  found  that  it  did  not  redden  ve- 
getable colours,  but  faturated  alkalis.  With  refpeft  to 
the  aroma  of  cruciform  plants,  chemifts  are  not  yet 
agreed  concerning  its  nature.  Some  think  it  acid; 
others  call  it  alkaline:  It  appears  from  the  experiments 
of  Meifrs  Deyeux  and  Baume,  that  fulphur  is  found  in 
combination  with  the  odorate  principle  of  antifcorbutic 
plants  ;  and  that  it  is  this  combuflible  body,  reduced  to 
the  ftate  of  elaftic  fluidity,  by  combination  with  hydro- 
gene,  which  conftitutes  the  aroma  of  cruciform  plants. 

There  are  yet  two  important  obfervations  to  be  made 
concerning  the  aroma  of  plants.     In  the  flrfl  place,  it 
is  perhaps,  as  Macquer  fufpeded,  a  gas  of  a  peculiar  na- 
ture: 
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tare :  its  invifibility,  its  volatility,  the  manner  in  which 
it  difiiifes  itfelf  through  the  atmofphere,  its  power  of  ex- 
panfion,  together  with  fome  experiments  by  Dr  Ingen- 
houfz  on  the  noxious  gas  exhaled  from  flowers,  render 
this  opinion  highly  probable-*-What  we  want  to  deter- 
mine this  point,  is  a  feries  of  experiments,  which  would 
indeed  require  to  be  performed  with  the  utmod  care  and 
accuracy,  but  would  certainly  accomplifli  fome  noble 
and  ufeful  difcoveries.  Boyle  has  already  opened  a  wide 
field  of  inquiry  concerning  fmells,  their  alterability  and 
reciprocal  combination  :  and  that  train  of  refearch  has 
been  very  fuccefsfully  profecuted  by  Lorry.  .  l*his  philo* 
ibpher  has  obferved  the  alterations  produced  on  them 
by  mixture  with  one  another,  by  fertnentation,  and  by 
the  adion  of  fire,  air,  and  diiTerent  menftrua. — We 
cannot,  without  making  an  improper  digrefiion,  enter 
here  into  a  particular  detail  of  his  experiments ;  but  wc 
may  mention  his  general  divifion  of  fmells.  Lorry  di- 
vides thefe  bodies  into  five'clafles,  camphorate,  aethereal, 
poifonous,  or  narcotic,  acid,  and  alkaline :  All  fmells 
may,  in  his  opinion,  be  referred  to  fome  one  of  thefc 
clafles.  In  explaining  the  grounds  on  which  he  eftabliihes 
this  divifion,  founded  on  the  manner  in  which  fmells  af- 
k&  the  fenfe  of  fmelling,  and  the  nerves  in  general. 
Lorry  informs  us,  that  he  propofes  not  to  examine  their 
chemical  nature:  But  it  is  probable,  as  he  himfelf  thinks, 
that  tjiofe  of  each  clafs  are  nearly  of  the  fame  nature  in 
refpeft  to  chemical  properties,  as  well  as  to  the  manner 
in  which  they  affed  the  animal  ccconomy. 

Our  fecond  obfervation,  and  with  it  we  mean  to  con- 
clude the  chemical  hifi:ory  of  the  principle  of  fmell,  is, 
that  though  the  plants  which  have  been  called  inodo- 
rous. 
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reus,,  be  thought  to  ccmtain  none  of  this  principle ;  yet 
IS  it  at  prefent  a  well  Icnown  fa£t,  that,  by  the  gentleft 
heat  of  a  baloeum-mariae,  there  may  be  eKtra£led  from 
them  a  water,  of  which  the  fmell,  though  very  £unt| 
will  however  be  fufficient  to  indicate  from  what  plant  it 
ihis  eztraded.-— I  can  aflert  this  upon  my  own  experience. 
I  have  often  found  thofe  plants  that  are  commonly  rec* 
koned  the  moft  inodorous,  liich  as  fuccory,  plantain, 
borage,  &c.  to  afford,  by  tiie  bali^m-marias,  a  water 
that  diffufes  a  fmell,  by  which  the  nature  of  the  plant 
from  which  it  was  extracted  may  be  fuffideotly  iaiown. 
It  is  true,  that  thefe  infipid  aromatic  waters  sffe  very  foot 
decompcfed,  and  lofe,  in  a  fliort  time,  that  faint  fmell  by 
which  they  are  diflinguifhed  :  They  are  altered,  and  fer- 
ment^ and  paTs  either  into  an  acid  or  an  alkaline  (late. 

The  perfumer's  art  is  founded  on  the  method  of  ex>- 
trading  the  odorous  parts  of  vegetables,  of  preferving, 
and  of  fixing  them  in  different  fubftances.  Moft  of  die 
proceffes  of  that  art  are  entirely  chemical. 

Medicine,  too,  makes  much  ufe  of  diftilled  .or  aromatic 
waters.  They  poflTefs  different  virtues,  according  to  the 
peculiar  nature  of  each,  Thofe  employed  for  the  pur* 
pofes  of  medicine  are  ufually  diftilled  by  naked  fire,  with 
water,  in  the  fame  way  as  volatile  oils.  This  manipa* 
Jation  anfwers  very  well  for  the  aroma  of  fuch  waters  as 
are  truly  aromatic,  but  not  fo  well  wkh  thofe  plants  that 
are  commonly  called  inodorous,  Thefe  ought  to,be  di- 
Ailled  in  a  balneum-marix  ;  and  as  this  precaution  is 
feldom  taken,  they  have  ufually  an  empyreumatic  fmell, 
acquired  from  the  fire,  even  when  not  impregnated  with 
the  odorous  principle  of  the  plant.! — If  thefe  waters  owe 
;a]l  their  virtue  to  the  aroma  which  they  contain,  weak  as 

tha^ 
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that  18,  it  18  certain  that  the  mode  of  preparing  them 
dellroys  all  the  properties  which  that  principle  can  pof- 
iibly  confer  upon  them. 

To  tbefe  obfervations  we  fhall  only  add,  that  the  diftilled 
waters  of  plants  prepared  by  the  apothecary,  are  not  that 
pure  aroma  which  Boerhaave  caUcdJpiritus  reilor^  but 
that  principle,  diluted  in  a  large  proportion  gf  water, 
diftilled  with  the  plants. 


CHAP. 


CHAP.    XIIL 


Of  Refuious  Inflammable  jfuices  in  general^  and  of  Balfam 

in  particular. 


mi. 


^T^ilE  name  Refins  is  given  to  certain  dry  infiam- 
mable  matters,  which  cannot  be  mixed  with 
vrater^  but  are  foluble  in  oils  /and  alcohol,  and  ran 
Puid  from  the  trees  in  which  they  arc  produced. 
Thcfe  matters  are  nothing  but  oils  concreted  by  the 
ci(ificcative  adion  of  the  air.  Various  opinions  arc 
entertained  concerning  the  difference  between  balfams 
and  rcfins.  Some  give  the  name  of  balfams  to  inflam- 
mable fluid  fubftances ;  but  there  are  atfo  dry  balfams : 
Others,  confine  the  name  to  the  moft  odorous  inflam* 
raable  fubflances.  Bucquet  has  thrown  much  new 
light  on  this  matter,  by  confining  the  nanfie  of  balfams 
to  fuch  of  thofc  combuftible  matters  as  are  fwcet-fmcll- 
ing,  and  can  communicate  their  fmeli  to  water :  and 
efpecially,    which  contain    odorate   and  concrete  acid 

falts, 


Rwjimus  Juices  and  Balfafns:  53^5 

Uts,  that  may  be  obtained  from  them  by  fublimation^ 
>r  deco^lion  in  water. 

The  principal  fpecies  of  baUams  arc  the  three  fol- 
owing : 

I.  Benzoin.  Of  this  there  are  two  forts  :  the  amyg- 
laline  benzoin^  in  white  tears  refembling  almonds,  uni- 
ted by  a  brown  juice)  and  common  benzoin,  of  a 
>rown  colour,  not  in  tears  :  it  exhales  a  very  pleafmg 
men,  when  meked  or  pricked  with  a  hot  needle.  The 
Tce  that  affords  it  is  but  little  known.  Linnaeus^ 
iie  fon,  calls  it  terminalia  benzoin.  Murray  obferves, 
iiat  the  wood  and  the  bark  of  this  tree  diffufe  an 
>dour  of  benzoin  whilft  burning.  The  fame  author 
liinks  it  doubtful,  however,  whether  k  affords  this  bal- 
am  or  not.  This  baUam  comes  to  us  from  the  king- 
lom  of  Siam,  and  the  ifland  of  Sumatra.  On  account 
if  its  folidity,  it  affords  but  little  effential  oiL  Boil- 
Dg  water,  extrads  from  it  an  acid  (alt  in  needles, 
rhich  is  ftrong  imelling,  and  cryftallizes  by  cooling, 
[he  £adt  is  alio  obtained  by  fublimation.  When  ob- 
ained  by  this  lad  procefs,  it  is  called  fiowers  of  ben^ 
wiu  lliis  operation  is  performed  in  two  varniOied 
aithen  pots,  placed  one  above  the  other,  and  made 
:lofe  with  paper  at  the  place  of  their  jundion.  The 
ire  mnft  be  moderate,  otherwife  the  fait  becomes 
irown.  The  pafteboard  cone  which  was  formerly 
kfed  for  this  purpofe  fuffered  a  great  deal  of  the  con- 
rete  acid  to  efcape.  We  have  given  an  account 
f  the  properties  of  this  acid  in  a  preceding  chap- 
er«  Benzoin  afibrds,  in .  a  retort,  a  very  acid 
hlegm,  a  concrete  brown  fait  of  the  fame  nature, 
I  and 
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and  brown  thick,  oil :  die  refidual  coal  ontains  fixed 
alkali. 

4 

Benzoin  it  fok^Ic  in  aicofaal :  and  die  daftisre  of 
this  balfamic  fubftance,  precipitated  by  water,  formi 
!ac  vrrghale.  Salt  of  \>enzoiA  is  afed  as  a  good  indflve 
in  pituitous  diforders  of  the  lungt  and  reins.  The  oil 
is  difcuflive,  and  is  externally  applied  to  limbs  affedcd 
with  paify,  &c. 

2.  Balfam  of  Tolu,  Peru^  and  Cartfaagena.  This 
balfam  is  brou^t  to  Europe,  either  in  cocoa-nut«(helIs^ 
or  in  yellowifh  tears>  or  in  a  fluid  ftate  :  it  flows  ^om 
the  tolttifera^  which  Linnseus  ranks  in  the  decandria 
monogynia  cl^s.  It  may  be  eztraded  from  the  flielli 
by  deeping  them  in  boiling  water,  which  ren<krs  it 
fluid.  It  comes  from  a  country  in  Sooth  America,  fi- 
tuated  between  Cartbagena  and  Nombre  de  Dios,  called 
by  the  inhabitants  of  the  iilands  Tolu,  and  by  the  Spa- 
niards  Honduras.  It  affords,  when  analyfed,  the  fame 
produfts  as  benzoin,  and  efpedally  a  concrete  acid  lalt 
It  is  made  into  fyrup,  and  adminiftered  in  difeafes  of 
the  lungs. 

The  acid  of  the  balfam  of  Tolu  has  not  been  yet'exa* 
mined  :  it  is  thought  not  to  differ  eifentially  from  the 
benzoic  acid. 

3.  Storax  calamita  is  in  tears,  either  red  and  cleaOf 
or  brown  and  greafy.  It  fmells  very  (Irong  ;  it  mw 
from  the  oriental  liquid  ambar,  a  plant  that  is  bot 
little  known.  Duhamel  obferved  a  juice  running 
from  the  aliboufiery  that  had  nearly  the  lame  findi* 
Neumann  analyfed  the  ftorax  calamita,  and  obtained 
from  it  an  eiTential  oil,  a  concrete  acid  £ilt,  and  s 
thick  oil.     It  ferves  for  nearly  the  lame  purpofes  as 

benzoifiy 
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1>enzoia  :  it  is  chiefly  ufed  for  perfume.  We  formerly 
ind  it  fent  to  us  in  reeds ;  but  we  now  get  it  in  loaves^ 
or  irregular  mafles,  of  a  reddifli  brown  colour,  mixed 
with  a  few  tears  of  a  lighter  colour,  ^d  a  more  plea- 
iaatlineS. 


Voi-.ai.  Y  CHAP. 
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CHAP.      XIV, 


Of  Refim. 


T>  ESINS  differ  from  balfams^  as  having  a  lefs  pleafing 
fmell ;  and,  ftill  more  eminently,  as  containing 
BO  concrete  acid  fait.    The  following  are  the  principal 
fpecies  of  refins. 

1.  Balfam  of  Mecca,  Judaea,  Egypt,  Grand  Cairo. 
It  is  liquid,  white,  bitter,  and  of  an  high  lemon-colour. 
It  runs  from  a  tree  that  is  called  amyris  opobalfamtm^ 
ranked  by  Linnaeus  in  the  ofiandria  monogynia,  and  dif- 
covered  in  Arabia  the  Happy  by  M.  Forfkahl.  This 
liquid  refm  affords  a  great  deal  of  efTential  oil  by  dif- 
tillation.  With  fugar,  and  yolks  of  eggs,  &c.  it  is  ufed 
as  a  vulnerary. 

2.  Brown  or  yellow  balfam  of  Copahu,  which  runs 
from  the  tree  called  copaibc^^  and  by  Linnaei^s  cofMferOf 
and  ranked  by  that  botanifl;  in  the  decandria  mono- 
gynia. The  common  kind,  both  of  this  and  of  the  bal« 
£uQ  of  Tolu^  is,  according  to  Cartheufer,  a  mixture  of 

genuine 
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genuine  balfam  of  Copahu  with  turpentine*  It  is  ufed, 
;^^  well  as  the  preceding  refin,  as  a  remedy  for  ulcers 
<^  the  lungs  and  bladder. 

3.  Chio  turpentine  r^uns  fr^m  the  tnrpentine-tree  that 
bears  the  piftachio-nuts.  it  b  pf  a  white  or  yellow  co- 
lour, inclining  to  blue.  It  a^ords,  on  a  balneum-maria!, 
^  very  fluid  volatile  oil :  that  which  it  affords  by  naked 
fire  is  not  fo  fluid.  The  turpentine  is,  after  this  ope- 
fation,  of  a  flill  yellower  colour.  Whfsn  diftilled  with 
water,  it  is  white  and  filky,  and  is  called  boHed  turpen^ 
line.  This  turpentine  is  not  common,  and  is  not  applied 
to  any  ufe. 

4.  Venetian  turpentine,  or  Milefian  refln,  is  that  moil 
commonly  ufed  in  medicine.  It  is  ufed  either  in  its 
natural  ft^te,  or  combined  with  fixed  alkali.  This  conii- 
pofition  has  been  palled  Stark^j  foap.  We  confider  it 
as  a  faponuia.  To  prepare  it,  the  Paris  Difpenfary  di- 
re^ to  pour  four  ounces  of  volatile  oil  of  turpentine 
pn  half  a  pound  of  nitre  fi:i:ed  by  tartar,  a^d  flill  ho^ ; 
to  ftir  the  mixture  with  an  iv^ory  fpatula,  and  cover  the 
veflel  with  a  piece  of  paper  y  adding  oU,  by  degrees, 
till  the  whole  form  one  while  mafs.  Thi$  procefs  takes 
up  feveral  months ;  and  chemiils  have  therefore  fought 
U^  find  out  fome  more  expeditious  method  of  making 
up  the  medicine,  Rouelle  prepared,  in  the  ipace  of 
three  hours,  a  pretty  conHderable  quantity  of  this  foap, 
by  triturating  alkali  \vi(h  the  oil  dropped  upon  it,  and 
Adding  a  little  water  towards  the  end  of  the  operation.  M. 
Baume  direfts  to  levigate  upon  porphyry  one  part  of  alkali 
of  tartar,  previoufly  expofed  to  heat  till  it  fliall  have  been 
J>rought  near  the  point  of  fufion  ;  and  to  add  to  it,  by 
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degrees,  two  or  three  times  its  weight  of  ToIatileoiL 
When  the  mixture  is  brought  to  the  confiftenqr  of  a 
foft  opiate,  put  it  into  a  glafs-cucurbite,  covered  with 
paper,  and  fet  it  afide  in  a  damp  place.  In  fifteen  days 
time,  the  deliquefcent  alkali  forms  a  diftind  portion  of 
liquor  at  the  bottom  of  the  veffel ;  the  foap  occupies 
the  middle  i  and  a  portion  of  the  oil,  having  aflumed  a 
red  colour,  fwims  on  the  furface.  M.  Baume  diioks 
that  the  alkali  unites  only  with  that  portion  of -the  oS 
which  is  in  a  refinous  ftate.  M.  le  Gendre  purfues  diis 
idea  farther,  and  propofes  to  faturate  a  cold  folution 
of  the  fixed  alkali  with  concentrated  oil  of  turpeo- 
tine,  or  even  with  turpentine  itfelf*  This  foap  is  in 
fome  degree  folid,  and  becomes  gradually  more  fo: 
cryftals  are  formed  in  it,  which  have  been  confidered 
as  a  combination  of  the  acid  of  the  oil  with  vegetable 
fixed  alkali.  But,  according  to  the  academicians  of 
Dijon,  they  are  nothing  but  potafh  faturated  with  ar* 
bonic  acid,  and  cryftalli^ed  in  that  (late*  As  it  is  do 
eafy  matter  to  make  up  this  foap,  and  it  is,  befides, 
very  liable  to  alteration,  Macquer  thinks,  that  when 
a  fubftance  is  wanted,  pofTefling  the  properties  of  vo- 
latile oils,  and  thofe  of  foaps,  in  ynion,  it  were  better 
on  any  occafion  to  incorporate  a  few  drops  of  vo- 
latile oil  with  medicinal  white  foap,  to  ferv*  the  pre- 
fent  pyrpofe.  Ammoniac,  triturated  with  turpentine, 
forms  a  folid  faponaceous  compound,  which  dif- 
folves  very  readily  with  water,  and  renders  it  milky  and 
frothy. 

5.  The  refin  of  the  fir-tree  is  called  turpentine  of 

Strafburg.     It  is  obtained  by  piercing  the  veficute  cf 

the 


the  bark  of  the  fir-tree,  of  which  there  ire  extenfive 
fbrefts  on  the  hills  of  Switzerland. 

6.  Pitch  is  the  juice  of  a  fort  of  a  fir-tree,  called  abies 
ficea.  It  is  obtained,  by  incifion,  from  the  bark  of  the 
tree.  It  is  melted  by  a  moderate  fire,  preflfed  in  bags 
of  cloth,  and  received  into  barrels  :  This  is  Burgundy 
pitch,  or  white  pitch ;  by  mixture  with  lamp-black,  it  is 
converted  mto  black  pitch.  When  it  is  kept  long  in 
fiifion  with  vinegar,  it  becomes  dry  and  brown,  and  fo 
£3rms  what  is  called  Colophony.  The  more  impure  parts 
are  burnt  in  a  furnace,  with  a  chimney  pafling  into  a 
fmall  cabinet,  terminating  in  a  cone  of  cloth  :  the  fmoke 
is  condenfed  in  this  cone,  into  a  fine  foot,  that  is  called 
lamp-black. 

7*  The  ^lipot  is  the  refin  of  the  pine  which  bears 
the  foft  apples.  This  tree  is  notched  towards  the 
bottom,  and  the  refin  runs  out  into  troughs.  When 
the  refin  ceafes  to  run  out  by  the  lower  holes,  they  are 
continued  upon  the  tree.  When  it  runs  fluid,  it  is  cal- 
led galipot ;  that  which  hardens  upon  the  tree  into  yel- 
lowifh  maflcs,  is  called  Barras^  Thefe  juices  are  li- 
quified in  boilers ;  and  after  being  concentrated  by 
heat,  are  filtrated  through  flraw-mats,  and  run  into 
moulds  in  fand,  or  formed  into  loaves  that  are  called 
arcanfortj  or  bray-fcc.  When  water  is  poured  in,  the 
matter  becomes  white,  and  forms  rejin^  or  piicb-rejin. 
The  inhabiunts  of  Provence  diflil  galipot :  they  extraft 
from  it  an  oil  which  they  call  buile  de  raze.  Tar^ 
which  is  the  empyreumatic  oil  of  this  fubftance,  is 
prepared  from  the  trunk  and  roots  of  the  pipe.  A 
quantity  of  the  wood  is  heaped  together,  covered  with 

Y  3^  turf. 
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twf,  and  fct  on  fire.  The  turf  hinders  the  oit  thar 
is  difengaged  by  the  heat  from  being  volatilized ;  and 
it  paflfes  into  a  (hallow  tub  through  a  channel,  out  of 
iirhich  it  is  removed,  without  farther  preparatioD',  to  be 
fold  as  iar. 

8.  Tacamahaca,  gum  clemi,  gmn  animae,  are  very 

litrle  ufed.     The  tree  that  affords  the  firft  is  unknown 

• 

The  iUm  rs  produced  by  a  fpecies  of  amy r is.  The  orien- 
tal gum  animae,  or  copal,  the  origin  of  which  is  un- 
known, and  the  occidental  gum  animae,  or yCourbaril^ 
which  flows  from  the  hymenaa^  a  tree  thai  grow3  is 
South  America,  are  ufed  for  vamifhes. 

9*^  Maftio  is  in  white,  farinaceous  tears,  of  a  faint 
fmell :  It  flows  froiin  the  turpentine  tree,  and  the  maftic 
tree ;  it  'is  ufed  as  an  aflringent,  and  an  aromatic ;  it 
enters  into  the  compofition  of  drying  varniflies. 

10.  Sandarac  is  in  white  tears,  more  tranfparent  than 
thofe  of  maflic.  It  is  obtained  from  the  junipcr-tree^ 
in  which  it  occupies  a  phce  between  the  bark  and 
the  wood.  It  is  Kkewife  called  varnijh^  as  it  enters 
into  thofe  preparations.  It  is  ufed,  in  powder,  to  pre- 
vent ink  from  finking  on  paper,  from  which  the  exter- 
nal coating  of  iize  has  been  fcraped  oflT. 

11.  The  refin  of  goayacum,  which  is  greenifh,  is  ufei 
as  a  remedy  for  the  gout.  It  is  obtained,  by  incifion, 
from  the  guayacum  tree. 

13.  Labdanum  the  refm  of  a  fpecies  of  ciflus  ia 
Candia,  is  of  a  blackifh  colour.  The  pcafants  gather 
it  by  ftriking  the  trees  with  ftaves,  having  a  number  of 
leather-thongs  fixed  to  the  one  end.  They  make  it  up 
into  cylindrical  pieces,  which  they  call  ladamim  in  torfis^ 
1  It 
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tt  is  adultaated  by  a  copious  addition  of  blackiih  {and ; 
It  is  ufed  as  an  aftringent. 

13.  Dragon^s  blood  is  a  red  juice,  eztraded  from 
the  dracana  dracoy  and  fome  other  trees  of  a  iimilar 
nature.  It  comes  to  us  in  finall  flat  cakes,  or  round 
balls,  or  in  little  fpherical  pieces,  wrapped  up  in  leaves^ 
and  knotted  like  a  chaplet.  It  is  ufed  in  medicine  as 
an  aftringent* 
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CHAP.    XV. 


Of  Gum  Reftm* 


G:TJM  resins  arc  mixed  juice^  ccnfifting  of  itfii 
^  and  extra£tive  matter,  which  has  been  taken  for 
a  gummy  fubftance.  They  run  by  incifion,.  but  never 
naturally,  from  trees  or  plants,  in  the  form  of  wbitCy 
yellow,  or  red  emulfive  fluids,  which  are  fooner  or  later 
confolidated.  Water,  alcohol,  wine,  Tinegar — none  of 
all  thefe  liquors  diflblves  more  than  a  part  of  gum  re- 
fms.  They  differ  in  the  proportions  of  the  refin  ani 
the  extraft,  and  afford,  by  analyfis,  many  various  re- 
fults.     The  following  are  the  mod  important  fpecies : 

1 .  Olibanum  confifls  of  yellow  tranfparent  tears,  of  a 
very  ftrong  and  difagreeable  fmelL  It  is  not  known  from 
what  tree  it  flows.  It  affords,  by  diftillation,  a  final! 
portion  of  volatile  oil,  and  an  acid  fpirit,  leaving  a  pretty 
large  rcfidual  coal,  produced  from  the  extractive  mauer 
which  it  contains.  It  is  ufed  in  fumigations  as  a  re- 
folvent  medicine. 

2,  Galbanum  is  a  fat  juice,  of  a  brown-yellow  colour, 

and 
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and  a  na^eous  fmelL  It  runs,  in  Arabia,  Syria,  and  at 
die  Cape  of  Good  Hope,  from  incifions  in  a  ferulaceous 
plant,  espied  BtAon  Galbanttm  by  Linnxus.  When  dif* 
tilled  by  naked  fire,  it  affords  a  blue  eflential  oil,  whicb 
afterwards  becomes  red^  an  acid  fpirit,  and  a  ponder- 
ous empyreumatic  oiL  h  Jis  an  excellent  difcuifive,  and 
a  powerful  antifpafmodic. 

3.  Scammony  is  of  a  btackifh  grey  colour,  a  ftrong 
naufeous  fmell,  and  a  bitter  and  very  acrid  tafle.  llie 
fcammony  of  Aleppo  is  by  far  the  purefL  That  of 
Smyrna  is  ponderous,  black,  and  mixed  with  extraneous 
bodies.  It  is  extrafted  from  the  convolvolus  fcammonia 
of  Linnaeus.  The  root  of  the  plant,  cut  and  fqueezed, 
affords  a  white  juice,  wbkh,  when  dried,  becomes  black. 
The  various  fpecimens  of  fcammony  contain  various 
proponions  of  extraft  and  refin ;  on  which  account  its 
cffeds  as  a  medicine  are  far  from  uniform.  It  is  given 
as  a  purgative^  in  dozes  of  from  four  to  twelve  grains. 
Slixed  with  a  fweet  extract,  fuch  as  that  of  liquorice,  it 
forms  the  common  diagreditm.  It  is  likewife  ufed  for 
this  pnrpofe  with  the  juice  of  quinces.  Ii  is  ufually  gi- 
ven in  a  powder  with  fugar  and  fweet  almonds. 

4.  Gum  guttcc  is  yellow,  reddifh,  deftitute  of  fmell^ 
and  of  a  ftrong,  acrid^  and  corrofive  tafte.  It  comes 
from  Siam,  China,  and  the  iftand  of  Ceylon.  It  is  ex- 
traded  from  a  large  tree,  very  little  known  to  us,  and 
dUliof  uiflied  in  the  countries  where  it  grows  by  the 
Bame  of  Coddam  PulJL  h  contains  a  good  deal  of  refio, 
which  renders  it  (Irongly  purgative,  when  adminiftered 
in  dozes  of  fpur  or  fix  grains.  It  fhould  be  very  cau- 
tioufly  admimftered  internally. 

5- 
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5.  Euphorbium  is  Ja^yellow  tears,  which  arc  of  ^  W* 
rious  or  worm-eaten  appearance,  and  have  no  fmell. 
It  rufis  from  incifions  in  the  plant  eupborbiumj  which 
grows  in  Ethiopia,  Lybia,  and  Mauritania.  It  ccfntains 
a  very  acrid  refin.  It  is  fo  ftrongly  purgative,  as  to  be 
ranked  among  poifons.  The  only  medical  ufe  for  whidi 
it  ferves,  is  in  external  applications  to  caries. 

6.  AfTa-fostida  is  fometimes  in  yellowifh  tears,  bat 
ofteneft  in  loaves,  confiding  of  different  pieces  aggluti- 
nated together.  It  has  a  very  fcetid  fmell  of  garlic,  and 
tades  bitter,  and  naufeoudy  difagreeable.  It  is  eztfaded 
from  the  root  of  a  fort  of  ferula  that  grows  in  the  pro* 
vince  of  Chorazan  in  Perfia,  and  has  been  called  by  Lin- 
T\Tz\x%  AJfa-fatida.  The  root  of  this  plant  is  fiefliy  and 
fucculenf.  It  affords,  by  expreffion,  a  white  juice,  of  an 
abominable  fmell,  ufed  by  the  Indians  as  a  feafoning^ 
and  called  by  them  food  for  the  Gods.  It  is  ufed  inter- 
nally as  a  powerful  antifpafmodic,  and  externally  as  a 
difcuffive. 

7.  Aloes  is  a  juice  of  a  dark  ted  j  and  fometimes  even 
a  brown  colour,  \vith  confiderable  bitternefs  of  taftc. 
There  are  three  kinds  of  it :  focotorinc  atoes,  hepatic 
aloes,  and  caballine  aloes.  The  firft  is  the  pureft ;  and 
it  is  only  in  purity  the  three  forts  differ.  A.  de  Juflicti 
faw  thefe  feveral  kinds  of  aloes  prepared  at  Morviedra, 
in  Spain,  from  the  leaves  of  the  common  aloes.  Deep 
incifions  were  made  in  the  leaf;  the  juice  ran  out  by 
thefe  :  It  was  then  decanted  from  above  the  fascula,  and 
thickened  by  cxpofure  to  the  fun.  The  aloes  prepared 
in  this  manner  is  put  up  in  leather-bags,  and  fold  un- 
der the  nan^.e  of  focotorine  aloes.  The  juice  fqueezed 
from  the  leaves,  purified  by  reft,  and  then  dried,  forms 

hepatic 


Cum  Refmi*  54/ 

b^tic  aloes.  Laftly,  The  leaves  are  again  prefled ;  and 
the  juice  now  obtained  from  tbern,  mixed  with  the  lees 
remaining  from  the  two  former  operations,  forms  cabal- 
line  aloes.  The  fir  It  of  thefe  diflferent  forts  of  aloes  con- 
tains much  lefs  refmous  matter  than  either  of  the  two 
latter,  and  is  therefore  much  le(s  purgative.  It  is  ufed  in 
medicine  as  a  draftic  purge,  and  is  known  to  poflefs  the 
property  of  bringing  on  the  menftrual  flux  with  Women, 
and  the  haemorrhoidal  flux  with  men.  It  is  recommend* 
ed  as  an  excellent  hydragogu^ 

8.  Myrrh  is  in  the  form  of  reddifli  tears,  of  a  brilliant 
appearance,  of  a  pretty  ftrosg  but  agreeable  fmell,  of  a 
bitter  tafte,  and  exhibiting  in  iheir  fraftore,  when  bro« 
ken,  white  lines  of  the  form  of  a  nail.  Some  of  thefe 
tears  are  entirely  gummy  and  infipid.  Myrrh  comes 
from  Egypt,  but  chiefly  from  the  ancient  country  of  the 
Troglodytes,  in  Arabia.  The  plant  that  aflfords  it  is 
unknown  to  us.  It  contains  much  more  extract  than 
refin.  It  is  ufed  in  medicine  as  a  very  good  (lomachic, 
an  antifpafmodic,  and  a  cordial.  Cartheufer  advifes  li- 
terary people,  who  have  delicate  flomachs,  to  chew  and 
fwallow  it  with  their  fpittle.  It  is  ufed  in  furgery  for 
cleanfing  putrid  ulcers,  and  flopping  the  progrefs  of  ca- 
ries, either  in  powder,  or  diluted  in  fpirit  of  wine. 

9.  Gum  ammoniac  fometimes  appears  in  tears  that 
are  white  internally,  but  externally  yellow,  and  often  in 
mafles  much  like  tbofe  of  benzoin.  They  are  eaiily  di(tin« 
guiihed,  however,  by  their  white  colour  and  foetid  fmelL 
This  gum  reHn,  which  we  get  from  Africa,  is  thought, 
on  account  of  the  feed  mixed  with  it,  to  be  extraded 
from  an  umbiliferous  plant.  This  fubftance  being  fo- 
luble  in  water  and  fpirit  of  w  Ine,  as  well  as  inflammable. 
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is  nearly  of  the  fame  charader  with  thofe  which  Rouelle 
has  named  refmous  extradtive  matters. 

In  medicine,  gum  ammoniac  is  ufed  as  a  veiy  good 
dircuflive  in  cafes  of  obftinate  obftruftion.  It  is  given 
in  dofes  of  a  few  grains,  either  in  pills  or  emnlfions :  it 
enters  alfo  into  the  compofition  of  many  difcuffi?e  and 
refolvent  plafters. 

I  o.  Elaftic  refin,  or  caout*chouc,  is  a  fubftance  concern* 

■ 

ing  the  nature  of  which  it  is  hard  to  fay  any  thing.  Itt 
containing  combuftible  matter,  which  is  ufed  in  Ame- 
rica for  lights,  is  a  charaderiftic  in  which  it  agreei 
with  reflnous  fubftances  :  but  its  elafticity,  foftnefs,  and 
infolubility  in  the  menftrua,  which  ufually  diflblve  refioi^ 
diftinguifh  it  as  a  fnbftance  of  a  diflPerent  nature. 

The  tree  which  affords  it,  grows  in  various  parts  in 
America.  Large  incifions  are  made  through  its  bark^ 
which  muft  always  penetrate  to  the  wood :  a  white  juice, 
more  or  Icfs  fluid,  flows  from  it,  and  is  received  into 
veflels,  in  order  that  it  may  be  applied  to  the  different 
purpofes  for  which  it  is*  fuitable  :  it  is  laid  in  layers  on 
clay  moulds ;  and  dried  by  expofure  to  the  fun,  or  to 
fire.  Various  defigns  are  then  fketched  upon  them  with 
the  point  of  an  iron  inftrument :  they  are  then  expofed 
to  fmoke ;  and  when  fufficiently  dried,  the  moulds  arc 
broken.  In  this  way  are  formed  the  bottles,  and  other 
utenfils  of  elaftic  gum,  that  come  into  Europe. 

llie  veffels  made  of  this  matter  are  capable  of  holdiag 
water,  and  fuch  other  fluids  as  have  no  power  of  ading 
upon  it.  If  it  be  cut  into  pieces,  and  the  edges  applied  to 
each  other  foon  after  they  are  cut,  the  pieces  unite  again. 
I  examined  juice  of  caout-chouc,  which  was  fent  me  from 
Madagafcar.    It  was  white  as  milk,  aad  its  fmcU  infuf- 

I  ferablj 
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ferably  foetid.  It  contained  a  concrete,  white,  fpongy 
matter,  in  the  middle  of  the  bottle,  of  a  fimilar  form, 
and  likewife  elaftic.  When  the  liquor  was  heated,  a 
white  pellicle  of  genuine  elaftic  refm  was  very  foon 
formed  on  its  furface.  Alcohol,  mixed  with  the  juice, 
feparated  from  it  flakes  of  that  refin. 

When  the  caout-chouc,  in  a  dry  ftate,  fuch  as  it  is 
fent  into  Europe,  is  expofed  to  fire,  it  becomes  fofit,  fwells, 
exhales  a  foetid  odour,  and  ibrioks  as  it  burns. 

Elaftic  refin  is  not  foluble  in  water.  We  know  not 
in  what  manner  faline  matters  a&  upon  this  fubftance. 
Macquer,  after  trying  to  diifolve  it  in  various  menftrua^ 
was  convinced  of  what  had  been  before  aflerted  by 
Meflrs  de  la  Gondamine  and  Frefneau,  {Academy^  year 
1751),  that  alcohol  was  incapable  of  ading  upon  it,  but 
that  oils  diflblved  it  with  the  help  of  heat.  However, 
as  he  wiflied  to  reduce  it  to  a  liquid  ftate,  fo  that  it 
might  be  made  ufe  of  in  that  form,  and  mi^ht  recover 
its  properties  by  the  evaporation  of  the  folvent  liquor, 
he  was  obliged  to  employ  another  menftruum  than  oils ; 
becaufe  oils,  however  vobtile,  always  altered  the  elaftic 
refin,  and  became  fixed  in  it,  fo  as  to  weaken  its^ftrength, 
and  deftroy  its  elafticity.  He  at  length  diiTolved  this 
fubftance  in  highly  redified  aether ;  and  this  being  fo 
very  fubjed  to  evaporation,  perfectly  fuited  his  purpofe : 
( Academy y  year  176S).  And  though  that  liquor  be  in- 
deed very  dear,  yet  he  thought  it  might  be  of  fome  con- 
fequence  to  make  known  to  the  public  a  method  of  ma- 
king fome  very  ufeful  inftruments,  fuch  as  catheters,  by 
putting,  on  a  waxen  mould,  fucceffive  layers  of  this  folu- 
tion,  till  they  be  of  the  required  thicknefs.  When  the 
catheter  is  dry,  let  it  be  immerfed  in  boiling  water. 
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which,  by  melting  the  wax,  leparates  it  from  the  idoutd^ 
The  foftnefs  and  elafticity  of  a  catheter  of  this  fubftance, 
render  it  the  mod  proper  for  perfons  who  find  it  necef* 
iary  to  wear  fuch  an  inflrumeut  conftantly. 

Thefe  are  all  the  particulars  of  the  hiftory  of  elaftic 
gum  that  were  known  to  the  world  before  the  month  of 
April  1781 ;  at  which  time  M.  Berniard,  diftinguifiied 
]by  the  accuracy  of  his  experiments,  inferted  in  the  ^wr^ 
nal  de  Phiftque  an  excellent  Memoir  on  ihis  lingular  fub> 
ilance.    That  chemift  concludes  from  his  lezperiments, 
that  elaftic  reiin  is  a  peculiar  fat  oil,  cokuired  by  a  mat^ 
;ter  foluble  in  alcohol,  and  contaminated  with  the  loot 
of  the  fmoke  to  which  each  layer  of  the  refin  muft  be 
expofed,  in  order  to  dry  it.     Wat^r  produces  no  si- 
teration  upon  it :  alcohol,  affifted  by  a  boiling  heat,  dif- 
colours  it.     Cauftic  fixed  alkali  is  incapable  of  ading 
upon  it.  The  concentrated  fulphuric  acid  reduces  ii  toa 
carbonaceous  ftate,  and  is  itfelf  at  the  feme  time  tinged 
with  a  black  colour,  and  takes  the  fmell  and  the  volati- 
lity of  the  fulphureous  acid.     The  common  or  weak  ni- 
tric acid  a£ls  on  this  refm  in  the  fame  way  as  on  cork, 
and  gives  it  a  yellow  colour ;  the  nitric  acid,  ftrongly 
concentrated,  decompofes  it  very  rapidly ;  the  muriatk 
acid  produces  no  fort  of  alteration  upon  ic ;  r^dified 
fulphuric  aether  did  not  diffolve  it :    This  faft  muft  ap- 
pear fingular,  as  the  author  obferves,  to  all  thofe  who 
know  the   accuracy  and  veracity  of  Macquer.     Nitric 
«ther  did  diffolve  it.     This  folution  was  yellow,  and  af- 
forded, by  evaporation,  a  tranfpsrrent  fubftance,  friable, 
and  foluble  in  alcohol ; — in  a  word,  a  genuine  rcfio, 
formed,  according  to  this  author,  by  the  adion  of  the 
nitric  acid  on  the  elaftic  caout-chouc.     The  volatile  oils 
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of  lavender,  afpic,  and  turpentine,  difToIved  It  with  the 
help  of  a  gentle  heat ;  but  they  formed  clammy  fluids, 
which  (luck  to  the  hands,  and  could  not  therefore  be  ap- 
plied to  any  ufefiil  purpofe.     A  folution  of  elaftic  refm 
by  oil  of  afpic,  when  mixed  with  alcohol,  depofited  white 
flakee,  which  were  infoluble  in  hot  water,  but  floated  on 
the  furface  of  that  fluid,  and  became,  by  cooling,  white 
and  folid  like  wax ;  in  a  word,  they  formed  a  genuine, 
fixed,  concrefcible  oil.     Oil  of  camphor  diflblved  elaftic 
refin  by  0mple  maceration.  When  the  folution  was  eva- 
porated,  the  camphor  was  volatilized ;   and  there  re- 
mained in  the  capfiile  an  amber-coloured  matter,  of  a 
firm  confiftency,  but  fcarce  gluey,  and  eafily  foluble  in 
alcohol.    Fixed  oils,  when  boiled  upon  elaftic  refm,  dif- 
folve  it  :  wax  likewife  diflblves  it.     This  fubdance  does 
not  melt  by  a  boiling  heat ;  but  when  expofed  to  the  ac- 
tion of  fire  in  a  filver  fpoon,  it  is  reduced  into  a  thick 
black  oil :   It  then  exhales  white  vapours  ;  after  which 
it  remains  fat  and  clammy,  though  expofed  to  the  air 
for  feveral  months ;  nor  does  it  ever  again  recover  its 
drynefs  and  elafticity,  which  are  fo  neceflary  to  fit  it  for 
the  purpofes  to  which  it  is  applied.    Laftly,  M.  Berniard 
concluded  his  experiments  on  this  fubftance,  by  analy- 
Ang  it  by  naked  fire.    From  an  ounce  of  elaftic  gum  he 
obtained  a  very  little  phlegm  ;  an  oil  which,  though  at 
firft  clear  and  light,  became  afterwards  thick  and  co- 
loured ;  and  ammoniac,  the  quantity  of  which  he  does 
not  fpecify  :  There  remained  a  coal,  fimiiar  to  thofe  of 
other  refinous  fubftances,  which  weighed  twelve  grains. 
This  chemift  afcribes  the  origin  of  the  s^mmoniac  to  the 
foot  which  colours  gum  elaftic 
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On  this  analyfis  we  may  obferve»  that  it  does  not  d& 
termine,  in  a  very  accurate  manner,  the  nature  of  elaftk 
refin :  for  acids  a&  not  on  this  fubftance  in  the  lame  waj 
as  on  fat  oils ;  they  ad  on  thele  bodies  with  much  more 
rapidity  than  on  eiailic  gum ;  neither  do  cauilic  alkalis 
reduce  it  to  a  faponaceous  ftate :  nor  does  it  melt,  im- 
iefs  a  much   flronger   heat  be  applied  to  it  than  it 
fu$cient  to  reduce  the  moft  folid  fixed  oils  to  a  ftate  of 
fluidity :  and,  befides,  no  fixed  oil  ever  becomtcs  dry  and 
elaftic,  like  elaftic  refin,  &c.  &c«  In  his  fifth  e^q)erimeiit, 
too,  the  author  aflerts  this  gum  to  confift  of  two  diftmfi 
fubilances,  the  nature  of  which  he  does  not  cqqdain ;  and 
concludes  with  reprefenting  it  as  a  produ&  of  human  is- 
duflry.    From  thefe  reflexions,  ^nd  many  others  whidi 
might  be  added,  concerning  thefe  experiuMiits  of  Id 
Berniard's,  which  are  in  other  refpeds  very  well  per- 
formed, we  are  induced  to  think,  that  much  ftiil  remiOi 
to  be  done,  as  he  himfelf  acknowledges,  beforje  we  cm 
be  fully  acquainted  with  the  properties  of  this  ful^hnoe^ 
or  can  decide  with  certainty  concerning  its  nature. 


CHAP. 
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CHAP.    XVI. 


Of  the  Pure  Facula  of  Vegetable: 


THE  juices  of  vegetables,  wlien  elaborated  in  their 
veflels,  become  thick,  and  are  by  degrees  depolit- 
«d  on  the  furfaces  of  their  fibres,  where  they  contribute 
%o  their  increafe  and  nouriihment,  or  are  accumulated  in 
a  more  or  lefs  folid  form,  in  the  different  organs  of  which 
rhe  vegetable  confifls.  After  fpeaking  of  the  .fluid  parts 
of  thefe  organic  fubflances^  we  come  next  to  examine 
the  fubftance  of  which  the  contexture  of  their  foUds 
is  formed.— -We  are  as  yet  far  from  being  fufficiently 
acquainted  with  the  nature  of  all  thofe  folid  matters 
which  compofe  the  organs  of  plants.  However,  thofe 
particulars  which  are  known  to  us,  on  this  head,  fliew 
that  thofe  organs,  ^en  treated  by  proceffes  which  we 
are  going  to  defcribe,  are  reducible  to  a  dry,  pulveru- 
lent,  mfipid  fubftance,  dther  white,  grey,  or  variega- 
ted with  different  colours,  infoluble  in  cold  water,  and 
fc.cmingly  earthy,  which  is  cMcdfaculum. 
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To  obtain  this  fubflance,  the  root,  demy  leav^,  or 
feed  of  a  plant,  is  pouoded  down  to  a  pulp  with  a  peftle. 
When  thefe  parts  are  fucculent,  there  is  no  occafion 
for  adding  water  to  aflift  the  procefs ;  but  this  fluid  is 
ufually  employed  to  facilitate  the  feparati9n  of  the  fibres, 
and  to  take  up  the  attenuated  pulverulent  parts.  When 
reduced  by  this  procefs  to  pulp,  the  vegetable  fubllance 
is  then  fqueezed  ;  the  juice  or  water  obtained  from  it 
by  preflure  is  either  turbid,  white,  or  coloured  ;  and  It 
gradually  depofites^  by  reft,  a  flaky  matter,  partly  fibrous, 
and  fometimes  pulverulent,  which  is  the  true  £aecolum 
of  the  plant.  Some  parts  of  vegetables  appear  to  cod- 
fifl  entirely  of  this  matter ;  fuch  as  the  feeds  of  grami* 
neous  and  leguminous  plants,  tuberculous  roots,  &c« 
Thefe  parts  ufually  afford  the  fineft  fisculum,  and  the 
greatefl:  quantity  of  that  matter.  As  to  the  tender  ftesi 
and  leaves,  their  texture,  being  more  fibrous,  never  af- 
fords, when  treated  by  this  procefs,  any  thing  but  a 
coarfe,  coloured,  filamentous  fubdance,  which  is  known 
by  the  name  of  coarfe  faculum.  If,  after  being  tho- 
roughly dried,  thefe  be  reduced  to  powder,  and  the 
powder  lixiviated,  the  water  takes  up  a  much  finer 
fseculum,  precifely  of  the  fame  nature  with  that  of  tuber- 
culous roots  and  gramineous  feeds.  In  the  eye  of  the  cbe- 
mift,  therefore,  there  is  no  other  difference  between  thefe 
two  kinds  of  fpecula,  but  that  the  firft  is  produced  from 
a  part  which  is  lefs  fibrous,  not  fo  perfectly  organized, 
and  apparently  formed  of  fmall  cells,  in  which  Nature 
has  depoiited  a  dry  or  farinaceous  mucilage  ;  whereas 
the  fecond,  being  wrought  into  a  tiffue  of  fibres,  needs 
to  have  its  organization  deflroyed,  and  to  be  attenuated 
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StrifUy  fpeaking,  all  the  folid  parts  of  vegetables  are 
ipable  of  affording  a  fort  of  fee  alum.  But  that  which 
i  prepared  for  the  arts^  for  pharmaqr,  and  for  ali- 
lents,  moft  here  be  more  impiediatelf  the  objeA  of  our 
ttention.  The  fisctda  of  briony,  potatoe,  caflava,  fago, 
dop,  ftarch,  are  thofe  which  deferve'to  be  particularly 
iken  notice  of,  as  applied  to  thefe  purpofes. 

I.  To  prepare  the  faecula  of  briony,  take  the  firefli 
x>t8  of  (he  plant,  ilrip  off  the  bark,  rafp  the  root 
» pieces,  and  then  fubmit  (hem  to  the  prefs.  The  juice 
[oeezed  out  by  the  force  of  the  prcfs  is  white,  and  de- 
cifites  a  very  fine  faeculum.  At  the  end  of  four  and 
renty  hours,  decant  off  the  juice ;  dry  the  fscula.  As 
le  juice  muft  have  left  in  it  a  certain  quantity  of  ex- 
ad,  it  is  very  acrid,  and  purges  violently.  If  waihed 
efore  being  dried,  it  becomes  finer  and  whker,  but  lofes 
:  the  fame  time  its  purgative  powers.  But  this  way  of 
reparing  the  fiecula  of  briony  affords  only  a  very  fmafi 
iiantity.  Much  more  may  be  obtained  by  dihitiiig  in 
ater  the  mafs  which  remains  in  the  prefs,  pafling  that 
'ater  through  a  hair-fieve,  and  fuffering  it  to  ftand  un- 
ilorbed,  till  it  depofite  the  fgscula  which  it  contains. 
iTh^i  this  is  dcpofited,  let  the  wat^  be  decanted  off, 
id  the  fediment  dried.  This  fxculum,  obtained  by 
alhing  the  lees,  is  not  of  a  purgative  nature,  like  the 
irmcr,  as  the  water  has  carried  off  the  extractive  mat- 
:r  in  which  that  virtue  refided.  M.  Baumc  has  obferved, 
lat  the  fseculum  of  -briony,  when  well  wafhed,  bears  an 
cact  refemblance  to  (larch,  and  that  hair-powder  might 
e  made  of  it ;  by  which  means,  the  wheat  made  ufe  of 
sx  that  article  would  be  fpared  for  other  purpofes.   The 
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fsccula  of  the  roots  of  calves-foot  and  corn-flag  are  pre- 
pared in  the  fame  way  for  medical  ufe. 

3.  Potatoes,  being  fo  plenteous,  and  affording  in  i 
crop  inch  large  increafe,  form  one  of  the  mod  ufeful  ar- 
ticles of  food.  We  can  very  eafily  extract  from  them 
a  great  deal  of  very  fine  white  fasculum,  that  becomes, 
by  roafting,  boiling  in  water,  &c.  a  nourifhing  article  of 
food,  lliis  fa^culum  may  be  obtained  by  grating  down 
the  potatoes  on  a  fieve,  and  pouring  plenty  of  water 
upon  them.  The  fluid  carries  off  the  fineft  and  mod  at- 
tenuated portion  of  the  fcccula,  and,  after  (landing  for 
fome  time  undifturbed,  depolites  it.  Decant  oflf  the  va- 
ter  'y  dry  the  feculum  by  a  gentle  heat :  it  is  now  in 
the  ftate  of  a  very  fine  light  white  powder.  For  the 
preparation  of  large  quantities  of  this  powder,  mills,  or 
9  fort  of  graters  turning  on  cylinders,  have  been  ccm* 
trived,  which  appear  to  be  very  happily  adapted  to  the 
purpofc. 

3,  The  Americans  extraft,  from  the  root  of  a  very 
iirrid  plant  called  manioc^  a  very  pleafant  nourifliing  fae- 
culum,  to  which  they  give  the  name  of  Caflava.  In 
prei)aring  it,  they  flrip  the  root  of  its  bark,  grate  it 
down,  and  pur  it  into  a  rufh-bag,  of  a  conical  figure, 
and  a  very  flight  loofe  texture,  and  hang  the  bag  upon 
a  Hi'  k,  rtliing  horizontally  on  two  wooden  forks.  To 
the  lower  end  of  this  bag  they  li^  a  very  heavy  veUcl, 
which^  by  its  weight,  Iqueczes  out  the  juice,  and,  at  the 
i'ame  i:me,  rL».c..eci  .t  as  it  runs.  '1  he  juice  is  a  very 
ticriii  and  noxious  poilon.  AVJien  the  iaecula  are  fufi- 
curly  prefied,  and  all  the  juice  drawn  off,  it  is  then  dried 
"  ■  txpuiure  10  iinoke,  aiid  pafl'te  through  a  fieve;  and 
';:  ^w  it  is  in  a  proper  ftate  for  being  baked  into  caflan. 

It 
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\i  is  now  fpreard  on  a  plate  of  hot  iron,  and  turned  till 
it  be  fo  completely  roafted,  as  to  take  on  both'  fides  a 
teddifli  yellow  colour.  In  this  ftate  it  is  called  Caifava 
bread.  When  expofed  to  heat  in  a  bafon,  and  ftirred 
from  time  to  time,  it  takes,  as  it  dries,  a  granulated  form  ^ 
in  which  ftate  it  is  called  couac^  From  the  juice  that  wa$ 
Squeezed  from  the  fiecula,  thei^e  is  by  degrees  a  very  fine 
fweet-tafted  feculum  precipitated,  which  is  called  monf-^ 
fache^  and  ufed  in  paftry. 

4.  Sago  is  a  dry  fieculum,  reduced  td  grains,  and  ^ 
little  reddened  by  the  adlion  of  fire,  which  we  get  front 
Java^  and  from  the  Molucca  and  Philippine  iflands.--^ 
It  18  extrafted  from  41;  fort  of  palm-tree,  called  in  the 
Moluccas  landaru  The  trunk  of  that  tree  inclofes  a  fweet 
matrow,  which  the  inhabitants  extraft  by  fplitting  the 
tree  longitudinally.  They  then  fcrape  4pwn  this  marrow| 
pot  it  into  a  fprt  of  cone  or  funhct  made  of  the  bark 
of  a  tree,  place  the  cone  upon  an  hair-fieve,  and  pour 
opoa  it  %  good  deal  of  water.— The  fluid  conveys 
with  it,  through  the  holes  of  the  fieve,  the  fined  and 
whiteft  part  of  the  marrow,  leaving  the  fibrous  part  ft  ill 
upon  the  fieve.— The  water  impregnated  with  the  atte- 
nuated part  of  the  marrow  is  received  into  pots,  in 
which  the  fseculum  is  foon  depcfited,  and  it  becomes 
tranfparent.^-The  water  is  now  decanted  off,  and  the  fe- 
diment  pafled  through  fmall  plates  perforated  with  holes, 
which  give  it  the  granulated  form  by  which  fago  is  ufual- 
ly  diftinguiibed. — ^The  reddifli  colour  of  the  furiaces 
of  the  grains  is  owing  to  the  aftion  of  the  fire  by  whicl)^ 
they  are  dried. — ^Thefe  grains  become  foft  and  tranfpa- 
tent  in  boiling  water.   With  milk  or  broth,  they  make  a 
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fort  of  foiip,  which  i»  light,  and  pleafsu&t  to  the  taftci 
and  is  greatly  recommended  in  phthifical  cafes. 

5*  Saleps  falopjf  falab,  &e.  is  a  fubftaace  which  die 
inhabitants  of  the  Eaft  prepare  from  ^  fpedet  of  orcbh^ 
They  feled  the  fineft  biiibs  of  that  plant,  firft  peetthem^ 
and  then  deep  tfaw)  lA  cold,  and  boil  theoi  in  hot  wa- 
ter ;  next,  after  the  water  is  well  di'ained  from  diem, 
they  are  ilru|ig  ia,  bunches^  and  dried  in  the  ak.  M. 
Jean  Moult  glares  another  procef^  fof  die;  pfepantioa  rf 
&lep,  by  which  it  may  be  prepared  frqm  any  fpedes  of 
9rcbis.-^The  roott  mud  be  rubbed,  eitiier  dry  or  ia 
water,  with  a  brufii,  to  removt^  the  exterior  pdOykle,  and 
dien  dried  in  an  o^en.  They  then  become  very  bani 
and  tranfparent  But  they  may  b%  rery  eafily  reduced 
to  a  powder ;  and  this  powder,  diluted  ia  hot  witcr, 
f3rms  a  nouriihiog  jelly,  the  virtues  of  which  Gedflhf 
Bi^itions  with  very  laviih  praife,  as  highly  efficarim 
againft  all  difeafes  occaiioned  by  an  acridity  of  the  lymphr 
more  efpecially  againft  confumptions  aad  the  biikw 
dyfcntery^ 
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\ 

Of  the  Farina  of  Wheat j  and  of  Starch. 


STARCH,  properly  to  called,  is  a  faecutum  precifely 
of  the  fame  nature  with  thofe  of  which  we  have 
already  given  an  account :  But  as  the  farina  of  wheat, 
of  which  ftarch  is  a  confUtuent  part,  is  one  of  the  moil 
important  matters  that  can  engage  the  attention  of  the 
chemift,  we  (hall  defcend  to  a  much  more  particular 
account  of  this  than  we  have  given  of  any  of  the  other 
£aecula. 

What  is  called  farina,  is  in  general  a  dry,  friable,  in- 
lipid  fubftance,  capable  of  acquiring  fapidity  and  folu- 
biiity  by  the  adion  of  fire,  and  confiding  of  feveral 
matters,  which  may  be  very  eafily  feparated  from  one 
another.  This  fubftance  is  difpofed  by  Nature  in  the 
feeds  of  gramineous  plants,  efpecially  in  thofe  of  wheats 
rye,  barley,  oats,  rice,  &c.  Even  leguminous  piantt 
appear  to  contain  a  compound  of  an  analagous  nature. 
There  is,  however,  no  other  fubftance  but  the  farina  of 
Vbeat,  which  pofTtnes  all  the  fame  properties :    none 
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but  this  farina  poflefles  that  juft  proportion  of  the  cor- 
ftituent  principles  to  which  alone  all  its  diftinguifhing 
properties  caH  berong.    Although  the  fiuina  or  flour  of 
wheat  has»  from  tiiae  immemorial,  beeu  ufed  as  a  prin- 
cipal article  of  food,  yet  it  has  onfy  within  this  Ihort 
time  begun  to  be  chemicalfy  examined*    Meflts  Beccarli 
an   Italian  phyiician,   and  Keflfel  Meyer  in  Germany, 
are  the  firft  chemifts  who  attempted  to  feparate  the  dif- 
ferent matters  of  which  f^irina  coniifts.    Meflrs  Rouelle, 
Spielman,  Malouin,  Parmentier,  PouUetier  de  la  Salle, 
and  Macquer,  have  profecuted  ihefe  refearches  a  great 
way  farther  than  the  above-mentioned  naturalifts.    M. 
Parmentier  efpecially  lias  profecuted  them   with  very 
uncommon  zeal  and  induflry.     His  refearches  into  the* 
nature  of  thefe  alimentary  fubftances,  the  principles  of 
fifina,  t\it  different  kinds  of  faecula,  and  concemiii{( 
nutritious  vegetables  in  general,  are  undeniably  the  mod 
complete  and  accurate  of  any  thing  that  we  have  of  the 
kind. 

Watet  is  of  all  agents  the  moft  ufefuT,  as  it  pro- 
duces the  lead  alteration  oH  the  various  matters  with 
which  it  becomes  impregnated,  or  which  it  feparates, 
according  to  the  laws  of  their  folubility.  Accordingly, 
it  is  by  this  fluid  that  the  different  matters  of  which 
the  farina  of  wheat  confifts  are  moH  fuccefsfuUy  ob- 
tained feparate  from  one  another.  In  performing  this 
true  analyfis,  a  paile  is  firfl  to  be  compofed  of  the  farina 
with  water ;  the  pafte  mud  then  be  kneaded  in  an  ear- 
then veflel,  with  water  pouring  upon  it  from  a  cock ; 
die  fluid,  as  it  falls  upon  the  paffe,  takes  up  from  it  a 
very  fine  white  powder,  by  means  of  which  it  acquires 
the  colour  and  confiftency  of  milk:  let  this  procefs  be 
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continued  till  the  water  run  off  clear.  The  farina  is  now 
found  to  be  naturally  feparated  into  three  diftindl  fub* 
fiances— -a  greyelaftic  matter  that  fticks  to  the  hand » 
and  OS  account  of  its  properties  has  gained  the  name  of 
the  glutinous^  or  veget$-afumal  part, — a  white  powder 
which  falls  to  the  bottom  of  the  water,  and  is.the.faecu* 
lum  or  ftarch. — ^and  a  matter  which  remains  diflblved 
in  the  water,  and  feems  to  be  a  fort  of  mucilaginous 
extra£L  Let  us  proceed  to  an  examinatien  of  the  pro«^ 
perties  of  each  of  thefe  three  fubftances. 


S  L  Of  the  Glminaus  Part  of  Wheat* 

IrUEr  glutinous  part  is  a  tenadous,  duftile,  elafllc  mat« 
ter,  of  a  whitifli  grey  colour.  It  may  be  extended  to 
twenty  times  its  natural  length  >  and  it  then  feems  to 
confid  of  fibres  or  filaments,  difpofed  befide  one  ano- 
ther in  the  fame  direction  in  which  it  has  been  drawn 
out.  When  the  power  by  which  it  was  extended  ceafes 
to  ad,  it  then  returns  with  elaftic  force  to  its  primary 
form.  By  drawing  it  out  in  different  directions,  it  may 
be  rendered  fo  fine  as  to  refemble,  in  the  polifh  of  its 
furface,  the  .texture  of  the  membranes  of  animals.  In 
this  ftate,  it  adheres  with  confiderable  force  to  dry 
bodies,  and  forms  a  very  tenacious  glue,  which  was  ufed 
by  fome  people  for  the  purpofe  of  re- uniting  pieces  of 
broken  porcelain,  long  before  chemifts  had  found  out 
the  way  of  obtaining  it  in  large  quantities.  M.-  Beccari 
obfervcs,  that  in  the  bed  flour  the  proportion  of  the 
glutinous  matter  is  from  a  fifth  to  a  third  part,  or 
even  more  :-^-he  remarks,   too,   that   this  proportion 

varies. 
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>  • 
varies^  according  to  the  feafon,  and  the  nature  of  the 

corn. 

The  gitttinous  matter  has  an  agree:ible  and  fomewbat 
mucous  fmell ;  its  tafte  is  infipid ;  it  fwells  amazingly 
when  expofed  to  a  ftrength  of  heat  fufficient  to  dry 
it  quickly,  tt  dries  rery  well  by'  a  moderate  heat,  or 
even  in  the  dry  air.  It  then  becomes  Cgndi-tranQiarent 
and  hard,  like  a  ftrong  glue,  and,  like  that  fnblfcmce, 
breaJsLS  with  noife,  and  with  a  fmootb  frafiure.  IF^ 
when  in  this  ftate,  it  be  laid  on  a  burning  coal,  or  held 
over  the  flame  of  a  taper,  it.  exhibits  all  the  charac* 
'  teriftics  of  an  animal  matter ;  it  crackles,  fwells,  be- 
comes liquid,  is  agitated,  and  bums  in  the  fame  way  as 
a  feather,  or  a  piece  of  horn,  exhaling  a  ftrong  foetid 
fmell.  When  didilled  in  a  retort,  it  affords,  like  ani- 
mal matters,  water  iniprej^ated  with  ammoniac,  am- 
moniacal  .carbonate,  and  an  empyreuthatic  oil :  the  car- 
bonaceous fefiduc  is  very  difficult  to  incinerate,  and  is 
found  16  contain  no  fixed  alkali. 

'1  he  gluten,  when  expofed  fre(h  to  a  moift  and  hot 
air,  is  altei^ed,  and  aflually  putrefied  in  the  fame  manner 
as  animal  matters.  If  it  flill  retain  a  little  (larch,  then 
the  ftarch,  pafling  into  the  ftate  of  acid  fermentatioD, 
retards  and  modifies  the  putrid  fermentation  of  the  glu- 
ten, and  reduces  it  to  a  ftate  in  which  it  is  much  like 
cheefe.  In  this  way  Rouelle  the  younger  prepared^ 
from  this  gluten,  a  fpecies  of  cheefe,  in  tafte  and  fmell 
much  the  fame  with  Dutch  cheefe,  and  that  of  Gruyere. 

Water  does  not  at  all  diffolve  this  glutinous  matter. 
When  boiled  in  that  fluid,  it  becomes  folid,  and  lofes 
its  tenacity  and  elafticify,  but  neither  acquires  a  tafte, 
nor  becomes  folublc  in  the  faliva.     We  may,  however, 

obfcrve, 
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obfenre,  that  to  the  water  which  was  ufed  ia  making 
the  pafte  the  gluten  owes  its  elaflicity  and  Iblidity.  la 
the  farina^  this  regeto-Qnimal  matter,  which  xb  thus  fuf- 
ccptible  of  a  ioM^  elaftic  form,  was  in  an  incoherent 
and  pulverulent  ftate;  but  when^  the  water  is  poured 
upon  the  farina,  and  mixed  with  it,  thofe  particles  which 
are  of  a  glutinous  nature  abforb  the  fluid,  and  are  by 
its  means  fb  cbfely  united,  as  to  form,  in  a  fliort  time^ 
diat  fort  of  da(tic  folid  which  is  known  by  the  name  of 
Gluten.  Water,  therefore,  contributes  greatly  to  the 
fennatioB  of  this  fubftance,  which  is  perhaps  to  be  con-« 
fidered  as  a  peculiar  compound  faturated  widi  water^ 
and^  for  that  reafon^  not  capable  of  abfbrbing  any 
■lore.  Sor  true  is  diis,  that  if  it  be  deprived  of  its  wa> 
ter  by  deficcadon,  it  lofes  entirely  its  elaftic  and  adhe- 
five  powers. . 

Iffbft  faline  fsbftances  ad  either  with  more  or  lefa 
force  on  this  gluten.  Potaib  and  foda,  in  a  cauftic  and 
Kquid  ftate,  difibive  it  with  the  help  of  a  boiling  heat# 
The  folution  is  turbid,,  and,  on  the  addition  of  acids^ 
depofites  gluten,  which,  however,  is  deftitute  of  elaf* 
ticity. 

The  mineral  acids  diflblve  this  gluten.  The  nitric 
add  difibhres  it  with  great  adivity ;  and  M.  BerthoUeC 
tel.  obferved,  that  this  gluten,  as  welt  as  animd  fub^ 
ftances,  gives  out  azote  gas,  when  expofed  to  the  a£lioii 
et  the  nitric  acid.  After  the  emiflion  of  this  elaftic  fluids 
the  fohition  affords  a  great  deal  of  nitrous  gas,  and 
takes  a  yelbw  colour.  By  evaporation,  it  afibrds  oxalic 
acid  in  cryftals.  The  fulphuric  and  the  muriatic  acids- 
form,  with  this  fubftance,  brown  or  violet  folutions.  A 
fort  of  oilv  matter  is  feps^ated  from  thefe  folutions : 
I  the 
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the  gluten  ezifts  in  them,  in  a  real  (late  of  decompofi' 
tion.  M.  PouUetier,  ^ho  has  made  many  experiments 
on  this  matter,  has  difcovered,  that  from  thefe  combi- 
nations, difiblved  in  water  or  alcohol,  and  evaporated 
in  the  open  air,  there  may  be  ammoniacal  lalts  ob*^ 
tained. 

From  what  we  have  related  concerning  this  fubftance^ 
it  appears,  that  it  is  entirely  different  from  all  thofe 
which  we  have  before  taken  notice  of,  as  exifting  m 
vegetables ;  and  that  in  many  of  its  diftinguifhing  pro-* 
perries,  it  bears  a  great  refemblance  to  the  fibrous 
part  of  blood.  It  is  to  this  gluten  the  farina  of  wheat 
owes  its  property  of  forming  a-  tough  pafle  with  water^ 
and  its  readinefs  to  rife  with  leaven*  It  appears  eidier 
not  to  exifl,  or  to  exifl  only  in  a  very  fmali  proportkm, 
in  the  farina  of  uther  vegetable  fubftances^  fuch  as  ryey 
barley,  buckwheat,  rice,  &c.  all  of  which  form  foGd, 
opaque  pades,  fcarcely  dudile,  and  brittle^  and  which 
can  fcarce  be  raifed  when  expofed  to  the  fame  tempe- 
rature by  which  pafte  of  the  farina  of  wheat  is  railed. 
No  other  fubftance  but  flour  of  wheat,  therefore,  is 
poffeflcd  of  all  the  qualities  neccflary  for  making  good 
bread. 

M.  Berthollet  is  of  opinion,  that  this  glutinous  fub' 
fiance,  like  animal  mauers,  contains  phofphoric  faks« 
which  are  the  occafion  of  its  coal  being  fo  difficuh  to 
incinerate.  Rouelle  the  younger  has  difcovered  a  gla- 
tinous  fubftance,  refembling  that  of  the  farina  of  wheat, 
in  the  green  fdecula  of  plants,  which  afford,  by  analy* 
lis,  ammoniacal  carbonate  and  empyreumatic  oil,  like 
the  vegeto-animal  matter  of  which  we  have  been  fpeak- 
ing 
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S  II.  0/ the  Starch  of  Wheat. 

STARCH^  the  amylaceous  fsculum,  is  the  moil; 
copious  part  of  the  farina.  This  is  the  fubftance  which 
U  carried  oflf,  and  afterwards  precipitated  from  the  wa* 
ter  with  which  the  pafte  is  waihed,  in  order  to  obtain  the 
pure  glutcA*  This  fubftaface  is  very  fine,  feels  foft. 
and  has  no  perceptible  tafte.  Its  colour,  when  it  is  ex- 
traded  by  the  procefs  above  defcribed,  is  a  dirty  grey- 
^diite;  but  the  manufacturers  of  ftarch  render  it  ex^^ 
ceedingly  white,  by  fteeping  it  in  an  acid  water,  which 
they  c^W  four  water.  It  appears,  from  the  experiments 
of  M«  PooIIetier^  that  the  fermentation  which  takes  place 
in  that  fluid  whitens  and  purifies  the  ftarch,  by  attci* 
Duating,  and  even  deftroying,  the  extfadive  mucous  fub- 
ftance  which  is  precipitated  with  it  in  the  firft  waihing. 
Starch,  chemically  coniidered,  is  a  mucilage  of  a  pecu- 
liar nature.  This  mucilage,  which  by  fome  chemifts 
has  been  miftaken  for  an  earth,  is  very  different  from  the 
gluten.  It  does  not,  like  the  gluten,  difiufe  an  empy- 
reumatic  fmell  when  it  burns.  When  diftilled  by  na- 
ked fire,  it  affords  an  acid  phlegm,  of  a  brown  colour, 
and,  towards  the  conclufion  of  the  procefs,  a  very  thick 
empyreumatic  oil.  The  coaly  refidue  is  eafily  enough 
incinerated  ;  and  its  afhes  are  found  to  contain  fixed 
alkali. 

Starch  is  not  foluble  in  cold  water ;  but  when  boiled 
in  water,  it  forms  with  the  fluid  a  glue,  or  rather  what 
in  French  is  demoninated  by  the  peculiar  name  of  emm 
pots,    lliis  compound,  when  expofed  to  damp  air,  lofes 
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by  degrees  ks  confiuenqry  ferments,  becomes  four,  and 
is  covered  osei  with  moiildiiic&» 

The  nitric  acid  afcrds,  with  this  faeoulum,  oxalic 
acid,  perfectly  the  lame  with  dot  of  which  we  ha:ve  fy^ 
ken  in  the  foregoing  diqiter. 

As  furch  forms  the  greateft  part  of  floor,  diere  on 
be  no  doubt  of  its  being  the  principal  aUmentary  fub- 
ftance  contained  both  in  floor  and  in  bread. 


S  10.    Cy  :b€  ExtrMahs  Mmdiagamui  Part  rf  the  T^ 

rina. 

BY  evaporating  the  dear  water  that  bad  been  oM 
in  walhing  the  pafte,  and  had  depicted  the  ftarch,  Si 
Poulietier  obtained  a  vifcous,  adhe&re  matter,<tf  abrown* 
yetlow  colour^  the  tafte  of  which  was  £unt]y  faccharioe. 
This  fubfcance,  to  ubich  he  gave  die  name  of  mar^^ 
jjccbsrir^j  difplayeJ,  in  combuftion  and  diftillation,  ill 
the  fame  phornomena  with  (ugar.  By  )l  the  acid  fer- 
mentation is  produced  in  the  water  which  fwims  over 
Karch ;  for,  a^  Macquer  has  obferred,  ftarch  is  not  at 
all  foiuble  in  coid  water.  The  mocofi>faccharine  mat- 
ter exifts  in  the  farina  of  wheat  only  in  a  very  fmall  pro- 
portion. It  may  poitibly  be  more  copious  in  the  farma 
ol  fonie  ether  Te;^^table  fubfunces. 

However  fmall  the  propoition  of  ibis  fubftance  in  tlie 
fi^ina  of  u  heat,  yet  there  can  be  no  doubt  of  its  ading 
a  peculiar  part  in  the  fermentation  which  takes  place  ia 
pufte,  aua  caufes  it  to  rife.  The  nature  of  this  motion, 
fo  necclTjirY  to  render  bread  wbolefome,  is  ftill  but  verr 
Uulc  knjwn.     I:  vrculd  arn^ar  to  be  nothing  more  but 
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:he  beginning  of  a  putrid  fermentation  in  the  gluten,  an 
icid  fermentation  in  the  ftarch,  and  perhaps  a  fpiritous 
fermentation  in  the  mucofo-faccbarine  matter.  Ibefe 
three  incipient  fermentations,  which  mutually  oppofe 
each  other,  are  perhaps  what  produces  the  compound. 
To  much  lighter  than  douj^h,  which,  by  baking,  and  a 
proper  expofure  to  heat,  forms  bread.  One  thing  certain 
is,  that  in  bread  all  the  three  fubfcances  which  we  have 
here  examined,  are  found  exifting  together,  but  fo  much 
altered,  that  they  can  no  longer  be  extra&ed  feparately. 
Even  the  adion  of  heat  alone,  without  the  motion  of 
fermentation,  is  fufficient  to  change  the  nature  of  thefe 
three  fubftances,  and  combine  them  in  fuch  a  manner, 
that  even  from  bread,  unleavened,  or  baked  without 
being  raifed,  Malouin  and  ^L  FouUetier  tells  us,  the 
gluten  can  no  longer  be  obtained. 

From  thefe  .particulars,  we  underftand  how  that  all 
flour  but  that  of  wheat,  and  ftill  more  the  leguminous 
or  farinaceouft  feeds,  fuch  as  beans,  peafe,  ohelhuts,  &c* 
are  far  from  poflefling  the  qualities  requifitefor  making 
goo(i  breadt 
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OJ  Vegetable  Colouring  Matters^  and  their  Jfflicatiou 

to  the  Art  of  Vyeing. 


•**" 


VEGETABLES  contain  colouring  matters  througii 
all  their  organs.  Thefe  matters  are"  extremelj 
various*  It  often  Jiappens,  that  a  vegetable  matter, 
which  has  of  itfelf  no  apparent  colour,  aflumes  a  veiy 
diftindt  one  when  expofed  to  the  adion  of  certain  mea- 
ftrua*  The  art  of  dyeing,  all  the  procedes  of  whicb 
are  entirely  chemical,  is  founded  on  the  knowledge  of 
the  folubility  of  thefe  colouring  parts  of  vegetables,  is 
various  menftrua,— of  the  way  of  applying  them,  fo  as 
to  communicate  colour  to  other  fubftances, — and  of 
rendering  them  permanent  and  tenacious  on  thofe  fub* 
Jkances.  In  examining  the  properties  of  each  of  the 
colouring  matters,  we  will  have  occafion  to  give  fomc 
account  of  the  principles  of  this  important  art,  on 
which  Meflrs  Heltot,  Macqucr,  le  Pilcur  d'Aplignv, 
I  Hecqur 
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Hecqaet  d'  Orval,  and  the  Abbe  IVIazeas,  have  already 
publiihed  excellent  works. 

It  appears  that  the  colouring  matter  of  vegetables^ 
properly  fo  called^  is  flill  unknown.  Rouelle  was  of 
opinion,  that  the  green  part,  fo  copious  in  the  vegetable 
kingdom,was  fimilar  in  nature  to  the  gluten  of  the  farina. 
But  it  is  certain,  that  this  matter  exhibits  different  che- 
mical cbara&eridics,  according  to  the  diveriky  of  the 
iiafes  with  which  it  is  united.  It  is  therefore  rather 
the  bafe  than  the  colouring  part  itfelf  of  which  we 
fpeak,  when  we  fay,  fuch  a  colour  is  extradive,  and 
fuch  another  colour  refinbus,  &c.  The  fubflance  which 
really  colours  thofe  parts  of  vegetables  that  are  em- 
ployed in  the  arts  is  no  doubt  a  very  fubtle  body, 
perhaps  not  lefs  fo  than  the  principle  of  fmells.  There 
is  even  (bme  reafon  to  think,  that  it  confifts  folely  in 
a  certain  oAodification  of  the  folid  and  liquid  parts  of 
vegetables. 

It  may  be  proper  to  recoiled  here,  that  the  colouring 
=of  veg^ables  depends,  in  a  great  meafure,  on  the  contad 
<i£  light.  But  in  what  manner  the  contact  of -light  con- 
tributes to  the  production  of  colours,  is  a  problem  of 
rwfaich  the  refearches  of  the  natural  philofopher  have 
las  yet  afforded  no  folutioa.  However  that  may  be, 
as  it  is  impoflible  to  Separate  the  colouring  matter  en- 
tirely from  the  vegetable  bafe  to  which  it  is  united,  it 
is  generally  agreed  to  conllder  thefe  two  fubftances  togc* 
4ber  as  the  colouring  matter  of  plants. 

Of  all  chemifts,  Macquer  has  beft  diftinguifhed  the 
^jiature  of  the  different  colouring  matters  of  vegetables, 
coofidered  with  refpe&  to  the  art  of  dyeing :  And 
hit  theory  concerning  the  application  and  the  fixation 
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of  colours  on  other  fubftances  In  dyeing,  is  beyond  t 
doubt  the  moft  fatisfaftory.  As  I  intend  here  to  con* 
neft  this  theory  of  dyeing  with  the  hiftory  of  the 
chemical  properties  of  the  colouring  parts  of  vege- 
tablesy  I  (hall  begin  with  the  confideration  of  thofe 
properties. 

1  •  A  great  many  vegetable  colourii^g  matters,  which 
are  either  extraftive  or  faponaceous,  diflblve  very  rea- 
dily in  water.  Baftard  rocket,  madder,  logwood,  red- 
wood, and  Brafil  wood,  afford  yellow  or  red  colours  of 
this  fort.  It  is  eafy  to  fee,  that  matters  dyed  with  tbefe 
colours  muft  lofe  their  dye  in  water :  on  this  account, 
there  is  employed,  to  render  thefe  colours  permaoeor, 
fome  additional  matter  capable  of  fixing  and  decoinpo- 
fing  them  ;  fuch  as  crude  tartar,  alum,  and  other  falts. 
Thefe  fairs  are  called  mordants.  A  folitary  acid  might 
produce  the  fame  tSe& ;  but  would  alter  the  colouring 
matter.  The  fuperfluous  portion  of  the  acid  of  the  aiom 
combines  y^ith  the  alkali  of  the  faponaceous  colouring 
extrad,  and  occafions  the  precipitation  of  the  refinous 
part  of  that  extrad,  which  is  then  infoluble  in  water, 
upon  the  fubftance  intended  to  be  dyed.  This  colour- 
ing  part,  however,  which  is  rendered  infoluble  by  the 
alum,  or  the  mordant,  is  of  two  kinds.  The  fird  is  veiy 
folid,  and  refifts  the  action  of  air,  of  foaps,  and  of  all 
the  liquors  ufed  by  dyers  as  proofs.  The  other  is  liabk 
to  be  altered  by  air,  and  ftill  more  by  the  proof- liquors: 
it  is  calltd  a  falfc  dye.  In  order  to  afcertain  the  nature 
of  thefe  colours,  and  the  durability  of  dyes  in  general, 
M.  Berthollet  has  propdfed  the  ufe  of  the  oxigenated 
muriatic  acid.     This  acid  effefts,  in  a  very  fhort  rime, 

by  means  of  its  excefs  of  oxigene,  what  the  vital  air  ct 

ttie 
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fjie  atmofpherc  takes  a  long  courfe  of  time  to  accom- 
plilh  :  And,  by  obferving  what  quantity  of  this  acid  is 
neceflary  to  difcolour  and  entirely  whiten  any  died  ftulF, 
as  well  as  the  time  which  it  takes  to  produce  the  cflfcft, 
a  judgment  may  be  formed  of  the  folidity  and  the  dura- 
bility of  the  colours  thus  fubmitted  to  examination. 

It  is  to  be  obferved,  that  wool  takes  a  dye  better  than 
any  other  fubftance  ;  and  next  after  wool,  filk,  cotton, 
and  flax,  in  the  order  in  which  they  are  here  mentioned, 
receive  a  dye,  each  of  them  with  more  difficulty  than  the 
{^receding  oae,  and  lefe  it  fooner« 

Thofe  authors  who  have  written  upon  the  art  of  dye- 
ing have  maintained  different  opinions  concerning  the 
way  in  which  colouring  matters  aft  on  the  fubftances  ex- 
pofed  to  their  operation.     Many  have  fuppofed,  that  in 
proportion  a8  the  pores  of  the  fubilance  to  be  dyed  are 
more  or  fewer,  greater  or  fmaller^  the  colouring  matter 
is  more  or  lefs  completely  applied  to  it ;  and  that  the 
reafon  why  wool  takes  a  colour  better » than  fiik  or  thread 
is,  becaul'e  its  pores  are  mrvre  open  and  more  numerous 
than  thole  rf  cither  of  thefe  fubftances.  But  Macquerthinks 
the  true  caufe  which  rentiers  the  application  to  any  fub- 
ftance  more  or  lefs  eafv,  is  the  reia«<m  between  the  co^ 
louring  matter  and  the  body  to  be  died,  being  nearer  or 
fnore  remote.  Dyeing,  in  his  opinion,  is  adually  nothing 
but  painting,  which  fuccecds  and  lafts  only  by  virtue  of 
an  intimate  affinity  between  the  colouring  matter  and 
the  dyed  lubftance.     lliat  celebrated   chemift  adopted 
this  opinion  in  confequence  of  the  numerous  experiments 
(vhich  he  made  in  the  art  Oi  dyeing  ;   which  is  indeed 
highly  indebted  to  his  difcoveries. 


37^  VegetaUi  Colouring  Matters. 

2.  There  i$  another  dafs  of  colouring  matters,  which 
feem  to  confift  of  refin  and  faponaceous  extiaft.  Mac- 
qaer  calls  them  refino-ierreous  matters.  When  thefe  mat- 
ters are  boiled  in  water,  the  refinous  fubftance  which 
they  contain  is  melted,  and  difiufed  through  the  fluid,  by 
picans  of  the  adion  of  the  heat,  and  the  folution  of  the 
faponaceous  part ;  but  it  is  precipitated  as  the  bath  or 
decodion  cools.  When,  therefore,  wool,  or  any  other 
matter,  is  immerfed  in  a  decodion  of  minced  colouring 
matter  of  dn»'  kind,  the  refm  is  feparated  by  coding ; 
and,  without  requiring  any  farther  procefe,  fixes  on  tht 
fubftance  thus  expofed  to  it.  Not  being  foltible  in  water, 
it  forms  a  permanent  dye.  Colouring  matters  of  dm 
kind  are  obtained  from  almoft  all  aftringent  vegetahleSi 
fuch  as  the  hu(ks  of  nuts,  the  roots  of-  the  walnut-tree, 
or  of  dock,  fumach,  bark  of  alder,  fandal  wood,  &c. 
Thefe  colours  are  all  yellow,  and  af e  called  by  the  dyen 
root-colours.  They  are  generally  ufed  to  form  a  good 
ground,  on  which  colours  of  a  higher  luftre  may  be  laid. 
We  may  further  remark,  that  the  colouring  matters,  for 
the  application  of  which  no  particular  preparation,  either 
of  themfelves,  or  of  the  bodies  to  which  they  are  applied, 
is  requifite,  afford  the  iimpleft  tindure,  and  are  the  ea- 
fieft  applied  to  ufe. 

3.  The  colouring  principle  of  various  other  fubftances 
cxifts  in  1  matter  that  is  purely  refinous,  and  infolublein 
water.  Several  of  thefe  matters  are  not  foluble  even  in 
alcohol ;  but  in  alkalis  they  are  all  diffolved,  and  redu- 
ced into  a  fort  of  faponaceous  ftate,  in  which  they  are  fo- 
luble in  water. — ^I'he  following  are  the  principal  colours 

of  this  fort  ufed  in  dyeing. 

1  A* 
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A.  The  aanatto,  a  kind  of  faeculum  obtained  by  ma- 
ceration from  the  feeds  of  the  untcu  putrefied  in  water. 
This  faeculum  is  depofited  during  the  putrefadion  of  the 
fubftances.  It  is  at  firft  red,  but  in  eourfe  of  time  be- 
comes of  a  brick-dnft  colour.  Stuffs  intended  to  be  dyed 
with  this  matter  are  immerfed  into  a  lixivium  of  this 
pafte,  with  the  cendres  graveleesy  which  we  are  fhortly  to 
defcribe,  mixed  together  in  water.  Without  the  affifl- 
ance  of  any  mordant,  there  is  depofited  on  the  fubftances 
immerfed  into  this  lixivium  a  golden  yellow,  or  orange 
colour,  of  confiderable  beauty. 

B.  The  flower  of  carthamus^  or  baftard  faflfron,  af* 
f3rds,  by  the  fame  procefs,  a  very  beautiful  red  colour. 
This  flower  has  two  different  colouring  parts ;  the  one 
purely  extraAive,  and  foluble  in  water;  the  other  refin*. 
ous.— ^To  obtain  the  latter,  the  foluble  part  of  the  car- 
thamus  muft  firft  be  carefully  waflied  away  :  What  re« 
mains  after  the  wafliing  muft  be  mixed  with  the  cendres 
graveleesj  or  foda ;  this  mixture  is  then  to  be  formed  in* 
to  a  lixivium,  and  employed  in  dyeing.  But  as  the  al- 
kali alters  the  colouring  matter,  and  tamiflies  the  co« 
lour,  the  dyed  fubftance  is  fteeped  in  water,  acidified 
by  lemon-juice,  lliis  acid  feizing  the  alkali,  the  co«» 
louring  matter  is  left  at  liberty,  in  confequence  of  which 
it  regains  its  original  properties,  and  becomes  red.  By  a 
fimilar  procefs,  there  is  a  coloured  faeculum  obtained 
from  carthamus,  which,  mixed  with  briancon-chalk  ia 
powder,  compofes  the  rouge  made  ufe  of  by  the  ladies. 

C.  Archil  is  a  pafte  prepared  from  mofs  and  lichen, 
macerated  in  urine,  with  lime.  The  lime  difengages  the 
volatile  alkali ;  and  this  caufes  the  red  colour  to  appear. 
Archil  diluted  in  water  communicates  a  dye  without  any 

A  a  3  other 
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ether  preparation.  It  gives  a  violet  colour ;  but  this  is  x 
faife  dye,  Tirhich  is  altered  iu  tiie  air,  and  rendered  yel- 
low by  the  adion  of  acidr 

D.  ladigo,  thecolour  of  which  is  a  deep  violet  blue, 
£eemingL]f  of  a  cupreous  nature,  is  a  fxculum  prepared 
at  St  Domingo,  and  in  aU  the  Antilles,.  &c.  by  macera- 
ting the  flalk  of  the  aniilhy  or  indigo  plant,  in  ftone 
troughs,  with  water,  llie  water  becomes  blue;  and, 
after  it  has  been  for  fome  time  violently  ilirred,  the  £e- 
culum  is  precipitated.  The  indigo  fep^ated  from  the 
water  is  put  into  cloths  to  drain.  It  is  then  dried  in  (ball 
wooden  boxes,  and  when  dry  broken  into  pieces.  Whea 
it  floats  on  water,  and  burns  entirely  away  on  a  red-iiot 
(hovel,  it  \&  edeemed  good.  The  colouring  part  of  it  is 
extraded  by  alkalis,  and  applied  to  the  matters  intended 
to  be  dyed,  wi^ont  any  farther  preparation.  It  cannot 
be  brightened  by  acids,  as  thefe  would  alter  tfa^  colour. 

4.  There  are  certain  colouring  matters  foluble  in  oilsr 
Alkanet,  or  the  red  root  of  a  fort  of  buglofs,  communi- 
cates its  colour  to  oil.  Alcohol  likewife  difiblves  feveral 
colouring  matters  :  Green  faccula  diflblve  in  it  as  wellas 
in  oil.  It  may  be  eafily  underftood,  that  thefe  colours 
cannot  be  ufed  in  dyeing,  becaufe  the  liquids  neceffary 
to  extract  diem  cannot  be  employed. 

Such  are  the  prin''  ipal  faSs  at  prefcnt  known  concern- 
ing the  nature  of  vegetable  colours.  From  thefe  it  ap- 
pears, that  any  of  the  immediate  principles  of  vegetables 
may  become  the  bafe  of  their  colouring  parts  ;  as  we 
find  them  to  be  faponaceous,  refinous,  and  extraftive. 
Some  of  them  even  appear  to  be  of  the  fame  nature 
with  fixed  oils,  and  are  not  foluble  either  in  water  or  in 

alcohol,  but  difiblve  readily  enough  in  alkali.    Laftly, 

There 
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There  are,  according  to  Rouelle,  fome  of  thefe  colour^ 
•ing  parts  of  the  fame  nature  with  the  glutinous  part  of 
vegetables. 

All  vegetable  colouring  mitters  poflefs  a  more  or  lefs 
powerful  attraftion  for  oxigerie.  There  are  few  of  them 
that  do  not  experience  a  more  or  lefs  fudden  alteration 
from  this  principle.  The  oxigenated  muriatic  acid  alters 
almoft  the  whole  of  them,  and  converts  them  into  white 
or  yellow.  Mod  part  of  vegetable  Colours  contaiil  differ- 
ent proportions  of  oxigene,  and  frequently  owe  theit 
(hades  to  a  difference  in  the  quantity  of  this  principle* 
This  is  the  reafon  why  all  thefe  colours  are  prepared 
with  the  contadt  of  air,  becaufe  this  contadt  has  a  lingular 
efiedb  upon  their  dyes.  See  M.  Haufeman's  Memoir  upon 
indigo  (Journal  de  Phjfiquej  1788),  and  my  Memoir 
on  the  colouring  of  vegetables  by  oxigene.  Annals  of 
Caicmiftry,  Vol.  IV. 
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AFTER  estainining  all  the  matters  wliich  can  Bt 
obtained  from  vegetables^  by  fuch  fimple  meanr 
as  produce  no  alteration  in  their  nature,  and  confidering 
thefe  matters  as  the  immediate  principles  of  thofe  orga* 
nized  bodies,  it  will  next  be  proper  to  confider  what 
alterations  they  are  liable  to  fuffcr  from  fire. 

The  ancient  chemifts  were  acquainted  with  no  other 
method  of  anatyfing  vegetables  but  this ;  and  all  their 
inquiries  into  the  nature  of  thefe  fubftances  were  direft- 
ed  only  to  difcover,  how  much  fpirit,  oil',  and  volatile 
fait,  they  afforded  by  diftillatfon  in  the  retort.  At  prc- 
fent  we  give  but  little  credit  to  the  refults  of  this  pro- 
cefs. — We  know,  that  all  plants  give  nearly  the  fame 
produfts  ;  and  the  diftillation  of  a  grgat  many  diflFerent 
vegetables,  by  chemiftir  in  other  refpefts  very  fltilful  and 
highly  refpeftable,  has  only  ferved  to  undeceive  us  with 
refpedl  to  this  analylis.  How,  indeed,  can  it  be  thought, 
that  the  aftion  of  fire,  ^^ich  is  exerted  on  all  the  dif- 
ferent 
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ferent  principles  contained  in  a  vegetable^  extrad,  mu- 
cilage^  oil,  refin,  faline  matter,  gluten,  &c.  and  which 
decompofes  each  of  them  in  a  peculiar  manner,  can  af- 
ford any  certain  information  concerning  the  nature  and 
the  quantity  of  tbofe  principles  ?  efpecjatly  when  we  ob- 
ferre,  that  the  produ^  of  thefe  different  decoropofi- 
tions  form,  by  mutual  combination,  new  bodies^  which 
did  not  exift  Njfere  in  the  vegetable  under  examination* 
The  analyiis  of  regetables  in  the  retort  is  therefore  &lfe 
and  complicated. 

However,  as,  in  a  chemical  examination  of  any  fub* 
fiance,  we  (hould  not  refufe  the  ufe  of  any  means  which 
art  fupplies  for  the  difcovery  of  its  nature,  we  may  have 
recourfe  to  this  analyfis,  and  obferve  its  effeds,  provided 
we  be  fufficiently  on  our  guard  againft  giving  too  much 
credit  to  its  refults :  Nay,  it  fometime&  happens,  that 
when,  in  a  feries  of  ei^riments  on  any  vegetable  fub- 
ftance,  in  order  to  difcover  its  chemical  properties,  we 
compare  the  effeds  of  aqueous,  fpiritous,  and  oily  men« 
fima  on  that  fubftance,  with  the  alterations  which  if 
fnfiers  from  fire,  thefe  alterations  accord  with  the  adion 
of  the  fofvents,  and  fliew,  by  the  produds  of  the  diflilla^ 
tion,  what  matter  is  contained  in  a  larger  or  a  fmaller 
quantity  in  the  vegetable,  the  nature  of  its  fait,  &c.  But, 
that  we  may  be  able  to  make  fuch  important  dedudiontr 
from  an  anafyfis  by  naked  fire,  it  is  requifite,  i  •  That 
we  be  well  acquainted  with  the  manner  in  which  fire 
ads  on  each  of  the  immediate  or  proximate  principles 
of  vegetables,  the  extrad,  the  mucilage,  the  faline  mat- 
ter, the  oily  juices,  fluid  or  dry,  &c.  a.  That  we  com- 
pare the  produds  of  the  diftillation  of  the  whole  vege- 
table with  ^fe  which  its  proximate  principles  general- 
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ly  afford  whea  treated  in  the  fame  manner.  3.  That 
we,  at  the  lame  time,  analyfe  the  vegetable  by  men* 
flrua,  in  order  that  we  may  diflinguifh  its  proximate 
principles,  and  draw  fome  ufeful  inferences  concerning 
the  alterations  which  it  Aiffers  from  fire. 

The  procefs  neceffary  for  the  diftillation  of  vegetables 
by  naked  fire,  is  very  eafy  and  very  fimple.— Put  into  a 
glafs  or  earthen  retort  a  certain^  quantity  of  the  dry  re* 
getable  : — care  mufl  be  taken,  however,  to  fill  the  veflei 
only  half,  or  not  more  than  two  thirds  full.  Place  the 
retort  in  a  reverberatory  furnace ;  to  its  neck  adapt  a 
balloon  ef  a  proper  fize.  There  ufed  to  be  formerly 
recommended  for  this  purpofe,  a  balloon  perforated  with 
a  fmall  hole,  to  afford  a  paffage  for  the  air  which  was 
faid  to  be  difengaged,  in  a  fmaller  or  a  larger  quantitji 
from  the  vegetables,  and  was  likely,  if  confined,  to  break 
the  veffels.  At  prefent  we  know,  that  the  aerifonn 
fluid  which  efcapes  from  thefe  bodies,  when  fubjefted 
to  diftillation,  is  never  air,  but  rather  carbonic  acid  and 
hydrogenous  gas,  with  carbonaceous  matter  diffolved  ia 
them.  But  as  thefe  elaftic  fluids  are  products  of  the 
vegetable,  deconipofed  by  the  aSion  of  fire,  as  well  as 
the  phlegm,  the  oils,  and  the  volatile  falts,  it  is  no  leiis 
necelTary  to  colled  them  than  thefe  latter  fubn:ances. 
For  this  purpofe,  there  may  be  employed  a  perforated 
receiver,  joined  to  a  curved  fyphon,  entering  by  one 
end  into  a  bell-glafs  filled  with  water,  or  rather  with 
mercury.  By  this  means,  the  liquid  products  are  col- 
le£ted  into  the  receiver,  and  the  aeriform  products  in- 
to glafs  vefTels,  placed  on  the  flielf  of  a  pneumato-che- 
mical  apparatus.     When  the  fubftance  diflilled  is  fuch 

as 
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^s  can  afford  any  concrete  fait,  there  is  put  between  the 
retort  and  the  receiver  an  adapter,  or  long  glafs  veffel, 
hi  the  form  of  a  fpindk,  on  the  iide8  of  which  the  falc 
fixes  as  M  is  ftiblimated.  Hi  this  fort  of  diftillation,  the 
fire  (hould  be  gradually  and  cautioufty  applied,  that  the 
produfls  may  be  obtained  in  the  order  of  their  vola< 
tility,  without  being  confounded  together.  ITie  procefs 
begins  with  placing  a  feV  coals  under  the  retort,  and 
the  fire  is  by  degrees  increafed  till  the  reffel  become  ried- 
hot,  and  the  paffing  of  the  products  into  the  receiver 
appear  to  have  ceafed.  The  retort  is  now  fuffered  to 
cool,  the  luting  removed  from  the  apparatus,  and  the 
produfls  examined. 

Although  the  produds  obtained  by  the  diftillation 
of  vegetables  are  never  to  be  entirely  depended  upon, 
yet  fo  much  do  they  differ  from  one  another,  that  they 
well  deferve  to  be  carefully  diftinguifhed. 

llie  firft  produd  obtained  is  an  aqueous  liquor,  im- 
pregnated with  fome  odorous  and  faline  principles.  Thi^ 
phlegm  affumes  by  degrees  more  colour,  and  more  faline 
properties.  After  it,  comes  a  coloured  oil,  the  colour 
of  which  becomes  deeper,  as  the  procefs  advances.  This 
oil  \t  fometimes  light  and  fluid,  at  other  times  weighty, 
and  liable  to  become  folid.  It  conftantly  exhales  a  ftrong^ 
empyreumatic  fmell.  At  the  fame  time  with  it,  there  is 
a  fmaller  or  a  greater  quantity  of  elaftic  fluids  diien- 
gaged  ;  which  are  either  carbonic  acid,  or  hydrogenous 
gas,  cr,  which  is  moft  frequently  the  cafe,  a^  mixture  of 
thefe  two  fubftances.  At  the  fame  inftant,  too,  ammo- 
niacal  carbonate  is  fublimated,  if  the  nature  of  the  ve- 
getable be  fuch  as  to  afford  it.     After  ail  thsfe  matters 

hav«i 
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bave  pafledy  the  vegetable  is  found  reduced  to  a  carbo- 
naceous ftate*  Let  us  now  return  to  a  more  particular 
examination  of  each  of  thefe  products,  and  attempt  to 
diftiDguiih  what  is  their  nature,  and  to  what  fobftancet 
they  owe  their  formation. 

The  phlegm,  according  to  the  ancient  chemifts,  is 
owing  to  the  water  which  enters  into  the  compofition  of 
the  vegetable,  and  in  part  to  the  water  of  its  vegetation; 
and  this  efpecially,  when  the  body  analyfed  is  not  en** 
tirely  dry  :  and  accordingly  the  quantity  of  this  phlegm 
is  greater  or  lefs  in  proportion  as  the  vegetable  has  beea 
more  or  lefs  thoroughly  dried  before  it  was  fubmitted 
to  diftillation.  Several  modern  chemifts  are  of  opinu»» 
that  the  water  obtained  from  the  diftillation  of  vege- 
tables  is  formed  by  the  union  of  hydrogene  with  the 
oxigene  contained  in  thefe  organized  fubftances.  Tbii 
phlegm  is  coloured  of  a  lighter  or  a  deeper  red  by  (lie 
fmall  portion  of  oily  matter  which  it  carries  off  with  it, 
and  which  is  reduced  to  a  faponaceous  ftate  by  the  fait 
that  is  ufually  diffolved  in  it.  The  faline  matter  in 
union  with  it  is  moft  commonly  acid  ;  on  which  ac- 
count this  plilegm  ufually  reddens  fyrup  of  violets,  ind 
produces  an  cffervcfcence  with  alkaline  carbonates.  This 
acid  belongs  :o  the  niucilagcs  and  oils.  The  phlegm 
is  fometimes  of  an  alkaline  nature,  as  in  the  diftillation 
of  nitrous  and  cruciform  plants,  and  of  emulfive  and 
farinaceous  feeds.  It  is  frequently  ammoniacal;  be- 
caufe  the  ammoniac  which  follows  immediately  after  the 
acid  combines  with  it.  Of  this  faft  full  evidence  may 
be  obtained,  by  throwing  a  little  fixed  alkali  or  quick- 
lime 
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lime  into  the  phlegm  :  When  it  is  aqamoniacal,  there  is 
a  lively  fmell  of  ammoniac  difengaged  from  it. 

The  oils  obtained  from  vegetables  by  diftiUation  in  a 
xetort  are  all  ftrong-fmelling  and  high-coloured,  and 
exhibit  all  of  them  nearly  the  fame  properties.  Thofe 
parts  of  vegetables  which  contain  a  great  quantity  of 
ihefie  inflanoimable  flvids,  fuch  as  emulfive  feeds,  afford, 
when  anaiyfed,  a  good  deal  of  oil.  The  odorous  plant? 
afford  an  oil,  wtncb^  in  the  beginning  of  the  procefs  of 
diftiUation,  jetains  fomewhat  of  iheir  fmell,  but  foon  af- 
iiimes  tt»  common  charaderiflics  of  all  diefe  oils ;  that 
is  to  fay,  the  colour,  gravity,  and  empyreumatic  fmell, 
^by-whicfa  they  are  diftinguifhed.  All  of  thefe  fluids  are 
bigbly  inflammable ;  the  nitrous  acid  caufes  them  to 
flame  :  they  are  foluble  in  alcohol,  and  bear,  all  of  chem, 
feme  Tcfemblance  to  the  vegetable  from  which  they  were 
obtained.  By' 'rectification,  they  may  all  be  rendered 
very  fluid,  very  Jight,  colourlefs,  foluble  in  alcohol ;  ia 
a  word,  diey  may  thus  be  reduced  to  the  ilate  of  2ethe« 
real  or  volatile  oils. 

Thefe  empyreumatic  oils  are  formed  by  the  adion 
of  the  fire,  and  had  no  previous  exiflence  in  the  vege* 
table. 

With  refped  to  the  volatile  (alt,  which  is  nothing  but 
ammoniacal  carbonate,  it  is  obtained  only  from  a  few 
vegetables  ;  but  we  muft  not  imagine,  as  has  been  ad- 
vanced by  fome  chemifts,  that  it  is  to  be  obtained  only 
from  cruciform  plants.  All  plants,  in  genersd,  contain- 
ing a  certain  quantity  of  glutinous  or  vegeto-onimal 
matter,  afford  more  or  lels  ammoniac  ;  becaufe,  as  has 
been  fully  proved  by  M.  Berthollet,  that  principle  of 
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vegetables  always  contains  azote.  It  very  feldom  hap- 
pens, however^  that  any  quantity  of  it  can  be  obtained 
HI  a  concrete  date :  it  is  often  diiTolved  in  the  laft  por- 
tions of  the  phlegm.  This  fait  is  produced  by  the 
.  union  of  the  azote  with  the  hydrogene  of  the  oil ;  01 
which  account,  it  does  not  ufually  pafs  till  the  end  of 
the  di(lillation«  It  even  appears,  that  what  is  carried 
up  by  the  phlegm  in  the  analyfis  of  fome  plants,  fuch 
as  the  cruciferous  plants,  poppy,  rue,  &c.  is  always  the 
produd  of  fome  new  combination ;  for  Rbuelle  the 
younger  has  ihewn,  that  the  plants  themfelves  do  not 
contain  it  in  their  natural  ftate. 

The  elaftic  fluids  ivhich  are  difengaged  during  the 
diflillation  of  vegetables,  are  to  be  included  among  the 
produds  that  may  be  obtained  from  them.  Their  na- 
ture appears  to  depend  on  the  nature  of  the  vegetable. 
A  plant  which  contains  a  good  deal  of  oily  combuftibie 
fluids,  affords  hydrogenous  gas.  Mucilages,  on  the  con- 
trary, afford  carbonic  acid.  We.  have  mentioned,  un- 
der the  article  Oxalic  Acid,  that  Meffrs  Bergman  and 
Fontana  have  obtained  from  them  a  large  quantity  of 
carbonic  acid,  and  that  Fontana  thinks  vegetable  acid 
to  be  compofed  chiefly  of  it.  It  is  therefore  not  at 
all  furpriflng,  that  mucilages,  in  which  Bergman  found 
the  fame  radical  acid  as  in  fugar,  fliould  aflford  carbonic 
gas  when  analyfed,  LaftlyJ  There  are  fome  vegetable 
matters  which  afford  azotic  gas.  Thefe  aeriform  fluids 
pafs  only  towards  the  end  of  the  procefs  of  diftillation  ; 
becaufe  they  are  not  difengaged  till  the  inftant  when 
the  vegetable  is  totally  decompofed.  Hales,  who  \t'aJ 
not  acquainted  with  their  nature,  obferved,  that  th^ 
I  n:orc 
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more  folid  the  vegetable,  fo  much  the  greater  was  the 
quantity  of  the  air  difengaged  from  ^  during  its  dif. 
cillation  :  and  he  of  confequence  confidered  that  ele- 
ment as  the  cement  which  produced  the  folidity  of  ve- 
getable bodies.  From  what  we  have  had  occafion  to 
(hew,  the  reader  may  cafily  judge  of  the  truth  of  this 
hypothefis. 


C  II  A  P. 
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Of  Vegetable  Coal^  or  CiarcMj, 


CHARCOAL  is  the  black  refidue  of  vegetable  nau 
ters,  whofe  volatile  principles  have  been  entirely 
decompofed  in  clofe  veflels.  None  but  organic  matters, 
containing  the  combuftible  fubftance  known  by  the 
name  of  oi4,  afford  charcoal.  The  produ£Uon  of  the 
fubftance  which  we  are  beginning  to  confider,  ufed  to 
be  afcribed  to  the  decompofition  of  this  latter  bibftance; 
but  it  is  now  beginning  to  be  underftood  as  a  fadt,  that 
the  carbonaceous  matter  exifts  ready  farmed  in  the  vege- 
table ;  and  that  which  is  accomplifhed  by  the  operation 
of  fire,  is  the  feparation  of  the  volatile  principles  that 
exifted  in  union  with  it. 

Charcoal  is  generally  black,  brittfe,  fonorous,  and 
light.  If  the  vegetable  of  which  it  has  been  formed 
was  very  compad,  and  contained  but  a  fmall  proportion 
of  fluid  fubftance,  it  ftill  retains  a  vegetable  form.  But 
;igain,  when  the  plant  dccompofed  is  tender,  and  contains 
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;a  good  deal  of  juice,  the  fluids,  zi  they  are  dlfengaged, 
dedroy  the  organic  texture  of  the  yeg^ble,  and  leave 
a  friable  coal,  which  exhibits  9ot  the  form  of  a  decom- 
pofed  vegetable.  Different  vegetable  matters  aftbrd 
coal  in  greater  or  lefs  abundance,  according  to  the 
folidity,  and  the  form  of  their  texture.  Wood  af- 
fords much  more  of  this  fubdance  than  herbs ;  gums 
afford  more  than  rcfins  ;  and  refms  more  than  fluid  oils. 
Every  different  vegetable  matter  appears  to  contain  this 
fubftance  in  a  particular  proportion,-— if  we  confider 
charcoal  as  one  of  the  immediate  principles  of  vege* 
tables. 

Charcoal  is  a  body  poffeffed  of  fingular  properties, 
which  are  in  general  but  very  little  known.— Though 
it  be  of  the  highed  injportance  in  chemiftry,  and  exhibit 
phaenprnea^  entirely  of  a  lingular  nature,  yet  no  chemiit 
has  as  yet  engaged  in  a  feries  of  experiments  with  a 
view  to  afcertain  its  nature.  Stahl,  who  paid  more  at- 
tention to  it  than  it  iias  fince  obtained  from  apy  other 
perfon,  thought  it  the  principal  repofitory  of  phlogillon. 
We  know  fcarnce  any  thing  concerning  the  properties  of 
charcoal,  but  what  relates  to  the  cecononical  purppfes 
to  which  it  is  applied :  the  labours  of  the  learned  afford 
no  full  information  concerning  It. 

The  j^yfic^l  properties  of  charcoal  are  ^iflSsrent,  acr 

cording  to  the  nature  and  the  ftate  of  the  vegetables  from 

« 

which  it  is  formed.  It  is  fometimes  hard^  and  retains 
]Q  feme  degree  the  organization  of  the  vegetablb ;  at 
other  times  it  is  friable,  and  fomewhat  pulverulent. 
Pure  oils  afford  a  coal  in  very  fine,  and  feemingly  levi- 
gated molecules,  called  lamp-black.  Its  gravity  varies 
in  like  manner.  When  well  m^de,  it  has  90  perceptible 
Vox-.  Ijr,  B  b  ufte 
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tafte  or  fmell.  Its  colour  is  fubjed  to  as  many  varieties 
as  its  other  phyfical  properties ;  it  is  either  of  a  lighter 
or  a  deeper^  a  fparkling  or  a  dull  colour.  But  the  cbe- 
xnical  properties  of  this  product  of  fire,  deferve  the  moft 
particular  examination. 

Charcoal  expofed  in  clofe  veflels  to  the  utmofl  violence 
of  fire,  fuffers  no  alteration.  When  heated  in  a  pneu- 
mato- chemical  machine,  it  affords  no  hydrogenous  gas, 
uniefs  it  happen  to  contain  moifture :  an  intenfe  heat 
reduces  it  to  vapours.  When  heated  in  contact  with 
air,  it  bums  it  to  afhes  ;  but  with  Angular  phsenomeDa, 
which  are  to  be  carefully  diftinguiihed  from  tbofe  of 
other  combuftible  matters.  As  foon  as  it  takes  fire,  it 
becomes  red,  and  exhibits  a  white  flame,  which  is  moK 
confiderable  in  proportion  as  the  mafs  of  charcoal  ii 
larger.  No  fort  of  fmoke  exhales  from  it ;  but  it  is 
reduced  into  carbonic  acid,  an  elaRic  6uid,  which,  from 
the  fine  experiments  of  M.  Lavoifier,  appears  to  be  no- 
thing but  a  combination  of  the  carbonaceous  principle 
with  the  oxigenous-r-of  the  latter  of  which  principles 
three  fourths  of  it  confift.  It  is  pn  this  account  that 
charcoal  confumes  flowly,  and  leaves  nothing  but  a  cin- 
der, more  or  lefs  white,  partly  of  a  faline,  and  partly  of 
an  earthy  nature.  Different  forts  of  charcoal  are  of 
different  degrees  of  inflammability  ;  and  this  diilinAion 
is  the  mod  ufeful  to  the  arts  of  all  the  fa£ls  refpeding 
charcoal.  Some  forts  of  it  burn  readily  with  flame,  and 
are  Quickly  confumed ;  others  are  difficult  to  kindle, 
burn  but  flowly,  and  remain  a  long  time  red-hot,  be- 
fore being  reduced  to  afhes.  Some  of  them,—- for  in- 
ilancc  thofe  of  oils, — burn  indeed,  but  with  the  utmofl 
difficulty.     This  property  they  feem  to  owe  to  theob- 
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ftmate  adhefion  of  the  carbonaceous  principle  to  the 
fixed  falts  of  the  vegetables  ;  and  as  the  proportion  of 
thefe  laft .  varies  in  each  vegetable,  the  denfity  of  the 
charcoal,  and  the  quantity  of  reiidue  which  it  4ea,ves 
after  combuftion,  depend  on  'this  <:aufe. 

Charcoal,  when  expofed  to  the  air,  attrads  moifture ; 
probably  becaufe  it  is  very  porous ;  and  perhaps,  too, 
on  account  of  its  containing  falts,  though  fhefe  falts  be 
not  in  a  difengaged  (late.  When  moiftened,  it  affords 
hydrogenous  gas,  which  is  produced  by  the  decompofi- 
don  of  the  water  :  for,  when  this  fluid  is  paiTed  through 
an  earthen  tube,  filled  with  red-hot  charcoal,  the  two 
bodies  are  converted  into  hydrogenous  gas  and. aeriform 
carbonic  acid.  Nothing  now  remains  but  a  little  afhes. 
Rouelle  has  taken  notice,  that  fixed  alkali  diflblves  a 
pretty  confiderable  quantity  of  charcoal  by  fufion. 

The  fulphuric  acid,  when  .expofed  to  a  flrong  heat 
with  powder  of  charcoal,  is  decompofed  by  this  combuf- 
tible  body,  which  has  a  fironger  affinity  with  oxigene 
than  fulphur  has. 

The  nitric  acid  is  decompofcd  with  much  more  ra- 
|»idity  by  charcoal.  DrPriedley  obferved,  that  there  was 
a  good  ileal  i^f  nitrous  gas  produced  from  this  mixture. 
Macquer  faw  the  nitric  acid,  with  the  help  of  a  certain 
degree  of  heat,  produce  a  very  diCcemible  eff!(f  vefcence 
with  this  body.  M.  Proud  has  fucceeded  in  kindling 
charcoal  with  acid  of  nitre,  :tli&  weight  of  which  was 
one  ounce  four  drams  and  twenty-three  grains,  in  a 
bottle  containing  an  ounce  of  diftilied  water.  The  re- 
fult  ofiiis  experiments  is  of  no  fmall  importance  :  And 
I  (hall  therefore  here  infert  an  accQjunt  uf  them  in  liio 
iOwn  words,  taken  from  his  Ubfervations  on  Pyr>..pliuri 
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without  aluiD)  &c.  inferted  in  the  Journal  de  Medicine^ 
for  July  1 778. 

^^  A  coal  of  the  eztrad  of  carthamus,  reduced  to 
^'  powder,  and  newly  caicined,  detonized  in  a  very  livdj 
^'  manner  with  the  nitrous  acid ;  and  the  combuftion 
^^  was  fo  rapid,  as  to  raife  the  powder  in  the  form  of  a 
^«  very  beautiful  iky -rocket.  I  calcined,  likewife,  very 
'^  fine  powder  of  common  charcoal }  and  the  detonatioa 
**  fucceeded  very  well. 

^^  Into  a  glafs  retort,  perfe^y  dry,  I  introduced  about 
^  a  dram  of  powder  of  charcoal ;  after  which  I  poared 
**  into  the  fame  retort  about  as  vtiuch  nitrous  acid : 
^'  the  nitrous  acid  no  fooner  reached  the  bottom  of  the 
^*  retort,  than  a  detonation  was  produced  with  the  at- 
^'  mofl  rapidity.  There  proceeded  out  of  the  inouch  of 
^^  the  retort,  as  I  held  it  in  my  hand,  a  ftream  of  flamc^ 

more  than  four  inches  iq  length,  carrying  widi  it 

fome  of  the  powder,  and  very  dark-coloured  vapourt 
*^  of  the  nitrous  acid  :  The  vapours  were  condenfed  in- 
^^  to  a  green  and  fomewhat  fuming  liqyor,  which  pro- 
><  ved  to  be  nitrous  acid,  weakened  by  the  water  which 
*^  entered  into  the  compofition  of  that  which  detonized 
^*  firft.  I  poured  a  new  quantity  of  nitrous  acid  on  die 
^*  coal  which  ftill  remained  in  the  retort,  and  continued 
^'  to  inflame  it  in  the  fame  way,  till  the  whole  quantity 
•'was  exhaufted. 

"  This  experiment  I  repeated  with  calcined  lamp- 
••  black ;  the  fame  phacnomena  were  exhibited.  In  the 
**  retort  there  remained  only  a  very  fmall  portion  of 
*^  afhcs,  fometimes  half  vitrified,  and  (licking  to  the  bot- 

'^  torn  of  the  retort. 

<^  All 
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All  charcoal  is  ufually  impregnated  trith  a  confider- 
*^  able  quantity  of  moifture.  I  found  that  charcoal  caU 
*^  cined  in  the  evening  was  next  day  unfit  for  this  de* 
*^  tonation,  having  acquired,  during  the  intervening  fpace, 
^^  a  fenfible  quantity  of  moifture.  But,  ^hat  is  very 
^^  lingular,  thefe  e:!cperiments  are  fo  capricious,  that  they 
*<  do  not  always  fucceed,  even  with  the  fame  charcoal^ 
^  and  the  fame  acid,  intermixed  in  the  very  fame  pro" 

portions.    By  the  following  expedient,  I  believe,  fuc- 

cefs  may  be  fecured :  When  the  acid  is  poured  on 
*'  the  middle  of  the  charcoal,  it  does  not  take  fire  at  all ) 
^^  but,  again,  when  the  acid  is  made  to  trickle  down  the 
'*  fides  of  the  crucible  or  capfule,  till  it  reach  the  bot« 
^'  torn,  then  detonation  infallibly  follows,  and  the  pow« 
**  der  is  raifed  and  kindled  by  the  tiitrous  acid*  When 
'^  the  nitrous  acid  is  all  confumed,  the  detonation 
««  ceafes  of  courfe,  and  the  reft  of  the  charcoal  remains 
*^  black.'* 

We  know  nothing  concerning  the  adlion  of  the  other 
acids  on  charcoal. 

This  body,  with  the  help  of  heat,  decompofes  all  fiil- 
phuric  fa!ts,  forming  in  confequence  fulphures  with  va* 
tious  bafes. 

Charcoal  caufes  nitre  to  detonize  ;  the  nitre  bums  it 
by  means  of  the  vital  air  which  this  faline  fubftance  af«^ 
fords  by  the  action  of  fire.  There  is  a  preparation  made 
for  the  purpofes  of  chemiftry  and  pharmacy,  which  is 
called  fiitre  Jixed  by  charceaU  Mix  two  parts  of  nitre 
with  one  of  powder  of  charcoal ;  put  the  mixture  into 
a  red-hot  crucible  :  A  lively  detonation  immediately 
r;ikes  phce  :  And,  '.vhcn  this  detonation  ceafes,  there 
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remains  a  ^bite  ihds,  which  attrads  moifture  from  (he 
atmofphere,  and  is  nothing  elfe  but  the  fixed  alkali  of 
the  nitre  and  the  charcoal  combined  with  carbonic  add. 
On  lixiviating  this  matter^  the  water  diflblTes  the  fixed 
alkaJi ;  and  what  remains  is  a  fubflance  thou^t  to  be 
of.  an  earthy  nature. 

Sulphure  of  potafb  difToWes  charcoal  with  great  &ci^ 
Iky,:  both  by  the  dry  and  by  the  humid  way  :  it  even 
combines  with  it  more  readily  than  any  other  fubftancA 
We  owe  this  difcovery  to  Rolielle. 

Metals  do  not  combine  with  charcoal ;  but  metallic 
oxides  are  reduced,  when  expofed  in  contact  with  this 
body,,  to  Jheat  more  or  lefs  intenfe.  We  have  already 
feen,  under  the  article  of  Metals,,  that  this  phdnoBe- 
Bon  ii  oviing  to  the  flrong  affinity  between  oxigene  and 
pure  carbonaceous  matter. 

The  adion  of  vegetable  fubilaaces  oa  charcoal  has 
been  but  little  examined.  We  know  only,  that  char- 
coal mixed  with  fat  oils,  renders  them  fufceptible  ©f 
inflammation  by  the  nitrous  acid  ;  a  fad  which  con- 
iirms  Rouelle*s  beautiful  theory  concerning  the  inflam- 
mation of  oils  by  that  acid. 

Within  thefe  few  years,  charcoal  has  been  allcdged 
to  be  very  proper  for  whitening  and  purifying  vege- 
table liquors,  when  heated  along  with  them. 

All  that  has  been  here  faid  concerning  the  known 
properties  of  charcoal,  tends  to  prove  that  this  body  is 
a  compound  of  a  combuftible  matter,  faline  fubilancef, 
and  earths. 

The   peculiar   combuftible  matter  which  conftitutey 
\  than  three  fourths  of  the  compofition  of  charcoal, 

or 
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or  pure  carbonaceous  matter,  is  but  little  known.  It 
appears  only  to  be  one  of  thofe  bodies  which  have  the 
greateft  affinity  with  oxigene ;  To  great  indeed,  that  it 
is  capable  of  feparating  it  from  every  other  fubftance ; 
and  that,  in  certain  circumftances,  it  exhibits  pro- 
perties much  the  fame  with  thofe  of  native  carbure  of 
iron. 

The  ufes  of  charcoal  in  the  arts  are  fufficiently  known } 
it  is  likewife  of  great  ufe  in  chemical  operations. 
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WHEN  a  vegetable  coal  is  bilrnt^  there  i^emains  2 
grevy  blackilh,  or  white  matter,  aceordiAg  to 
the  nature  of  the  coal.  This  fubftance,  which  is  called 
ajhes^  is  of  a  very  eoittpound  nature.  When  the  char^ 
coal  is  thoroughly  burnt,  it  contains  only  different  faline 
and  earthy  f\^b(^nces,  mixed  with  a  little  iron  and  a 
little  manganefe.  When,  again,  the  charcoal  docs  not 
burn  very  freely,  the  afhes  produced  from  it  fometimes 
contain  a  little  inflammable  matter  which  has  not  been 
confumed.  M.  Lavoifier,  on  examining  the  afhes  of  the 
wood  made  ufe  of  by  the  manufafturers  of  faltpetre, 
found  it  to  contain  extraftive  and  refmo-cxtraftive  mat- 
ters. The  faline  fubflances  obtained  by  lixiviation  from 
the  afhes  of  charcoal  y  have  received  the  name  of  the 
Fixed  Salts  of  Plants.  There  r^re  three  forts  of  falts  ob- 
tained by  the  inciner.irion  of  vegetables,  the  nature  of 
which  we  ihall  here  defcribe. 

I  I. 
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i.  Potafli^  which  is  prepared  in. the  north  by  burn- 
ing   wood,  which  they  there  poffefs  in   great  plenty. 
This  fait  is  very  impure  ;  it  often  contains  combuftible 
matters  by  which  its  whitenefs  is  impaired,  a  variety 
of  neutral  falts,    fuch  as  fulphate  of  potafh  foda  and 
lime,  muriate  of  potaih  and  of  foda,  a  little  carbonate 
of  foda,  oxide  of  iron,  and  earthy  matters.     To  purify 
this  fait,  and  extraA  from  it  pure  potaih,  it  is  dilTolved 
in  the  fmalleft   poffible  quantity  of  cold  water.    The 
fluid  takes  up  the  alkali,  with  fome  neutral  falts  ;  and 
the  earth,  charcoal,  iron,  and  fulphate  of  lime  which 
the  potafli  frequently  contains,  are  feparated  by  filtra^ 
ticHi^    The  folution  is  evaporated  to  a  pellicle,  and  then 
fuffered  to  fetfle  and  cool,  in  order  that  the  difierent 
neutral   falts  which    it  contains  may  be  formed  into 
cryftals.     When,   at   length,   after  repeated  filtration, 
evaporation,  and  cryftallization,  the  lixivium  ceafcs  to 
afford  neutral  falts,   it  is  evaporated  to  drynefs,   and 
calcined.    The  fait  thus  obtained  is  carbonate  of  potafh, 
intermixed  with   cauftic   potaQi.      It  always  contains^ 
however,  fome  neutral  falts,  and   a  fmail  portion  of 
earthy  matters,  which  may  be  feparated  by  forming  thcfe 
falts  and  earthy  matters  into  a  flrong  folution  with  water, 
fuffering  that  folution  to  fettle  and  refl  for  fome  time,  and 
then  feparating,  by  filtration,  the  fediment  thus  formed. 
llie  potafh  may  now  be  ufed  with  confidence  as  pure, 
even  in  the  nicefl  chemical  experiments. 

2.  Soda  is  the  refklue  remaining  after  the  combuf- 
tion  of  certain  plants  which  grow  on  the  fea-fhore.  It 
is  prepared  at  Alicant,  in  Languedoc,  at  Cherbourg, 
&c.  by  the  combuflion  of  various  plants.  At  Alicant, 
the  kali  is  employed;  at  Cherbourg,  the  algas  and 
fueus,  comroonlv  known  bv  the  name  tf  varccb.     The 
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former  of  thefe  plants  contains  a  good,  deal  more  foda 
than  the  other ;  which  indeed  aflfords  but  very  litde. 
Thefe  plants  are  made  very  dry,  and  burnt  over  a  trench. 
At  Cherbourg,  when  the  combuiUon  is  confiderably  ad* 
vanced,  and  the  aihes  are  become  very  hot,  they  are 
violently  ilirred  and  kneaded  together  with  large  poIes« 
By  this  motion^  the  fubftance,  being  hot  enough  to  fuf« 
fer  a  fort  of  femi>vitrification,  is  formed  into  folid,  bard 
pieces,  which  ate  fold  in  commerce  under  the  names  of 
Jlon€'foda^faUcore^falicQtt^  la  marie^  and  alun  catitu  Tbt 
names  by  which  it  is  chiefly  diftinguiflied,  and  which 
denote  its  particular  ftate,  are  thofe  either  of  the  country 
from  which  it  comes^  or  the  plant  from  which  it  is  ob* 
tained*  The  foda  of  Alicant,  called  alfo  barilla^  it  the 
bed  for  the  purpofes  of  chemiftry,  and  of  all  thofe  arts 
in  which  fixed  alkali  is  neceffary. 

The  foda  of  Cherbourg,  or  varecb^  contains  leis  al- 
kali, and  fhould  not  be  ufed  in  chemiftry  ;  but  in  gla&- 
works  it  is  very  advantageoufly  employed  }  for  it  cos- 
tains  vitreous  frit,  which  anfwers  the  purpofes  of  the 
glafs-tnaker^  by  promoting  the  vitrification  of  the  other 
matters. 

Common  foda^  chemically  confidered,  is  a  compoofid 
of  cauftic  fod?,  carbonate  of  foda,  a  fmall  proportion 
of  carbonate  of  potafh,  fulphate  of  potafh  and  foda,  mu* 
riate  of  foda,  charcoal,  iron  in  the  ftate  of  Pruffian  bbu^ 
as  has  been  obferved  by  Henckel,  and  earth  partly  free, 
partly  combined  with  6xed  alkali,  as  in  that  of  Cher- 
bourg. To  feparate  thefe  fubftances,  and  obtain  the  &• 
bonate  of  foda  in  a  pure  ftate,  they  are  formed  into  a 
lixivium  with  cold  diftilled  water :  this  lixivium  is  fil- 
trated, in  order  to  feparate  the  earth,  the  iron,  and  the 

carbonaceoui 
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carbonaceous  matters :  laftly,  it  is  evaporated  in  the 
fame  way  as  potafh*  This  alkali  is  more  eaiily  purified 
than  potafii ;  for  as  it  cryilallizes  fooner,  it  feparates 
more  readily  from  the  cauftic  foda.  It  however  carries 
with  it,  when  it  cryftallizes,  ibme  of  the  neutral  falts 
and  the  Pruflian  blue  contained  in  the  lixivium,  which 
ran  be  feparated  only  by  repeated  folution,  and  fuccef- 
five  cryftallization. 

3.  There  are  fixed  ialts  prepared  in  pharmacy,  which 
bave  been  ftrongly  recommended  by  Takenius,   and 
flill  bear  hid  name.    This  chemift's  procefs  confilU  in 
putting  the  plant  from  which  the  fait  is  meant  to  be  ex- 
traded  into  an  iron  pot,  and  beating  that  veiTel  till  its 
bottom  become  red-hot :  the  plant  is  conftantly  ftirred, 
and  exhales  a  good  deal  of  fmoke  :  at  length  it  kindles : 
k  mud  now  be  covered  up  with  a  lid,  which  may  fufier 
the  fmoke  to  efcape,  but  extinguifh  the  flame.     By  this 
means,  the  plant  is  gradually  confumed*    When  redu- 
ced to  a  fort  of  blackiih  cinder,  it  is  lixiviated  with  boil- 
ing water ;  and,  on  evaporating  this  lixivium  to  drynefs, 
a  yellowiih  or  brown  fait  is  obtained*     This  fait  is  often 
alkaline,  but  very  impure  ;  it  contains  a  good  deal  of 
extradive  matter,  from  which  it  derives  a  colour,  and 
which  is  mixed  with  all  the  neutral  falts  contained  in  the 
plant :  it  is  in  a  fort  of  iaponaceous  (late,  which  makes 
it  very  fit  for  being  employed  in  medicine.    But  we 
muft  not  imagine  that  it  poffefles  all  the  virtues  of  the 
plant  from  which  it  was  extracted  ;  for  the  combuilion 
neceffarily  alters  the  principles  of  the  plant.     It  would 
be  worth  while  to  examine,  by  a  chemical  analyfis,  the 
feveral  fixed  falts  prepared  in  Takenius!s  way,  in  order, 
to  difcover  what  faline  and  extractive  fubftances  they 

contain ; 
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contain ;  and  to  afcertain  their  virtues,  and  the  qtiantities 
in  which  they  are  to,  be  adminiflered. 

4.  When  the  afhes  of  vegetables  are  deprived, -by  lixi* 
viation,  of  ail  the  faline  matters  which  they  contained, 
the  refldue  is  nothing  but  a  pulverulent  fubftance,  more 
or  lefs  white  or  coloured,  infipid,  infoluble  in  water, 
and  which  has  been  hitherto  thought  to  ccmfift  of 
earths. 

The  magnet  attrads  iron  from  this  matter.  This 
iron,  as  well  as  the  manganefe  which  has  in  like  manner 
been  for  fome  time  obtained  from  this  refidue  of  vege* 
tables,  mufl:  have  exifted  ready  formed  in  the  plant.  A 
number  of  naturalifts  are  of  opinion,'  that  plants  owe 
their  colours  to  iron.  M.  Baume,  who,  in  his  Memoir 
on  clays,  mentions  the  earthy  reiidue  of  vegetables,  af« 
firms,  that  it  forms,  with  the  fulphuric  acid,  alum  ao4 
fulphate  of  lime,  a  little  different  from  that  which  owes 
its  formation  to  pure  calcareous  earth.  From  this  M. 
Daume  concludes,  that  the  earth  of  vegetables  confiils 
cf  alumine,  and  of  another  earth,  nearly  of  a  fimilarna- 
tiire  with  calcareous  earths ;  yet  diftinft  from  thefe,  as 
it  docs  not  form  quick-lime  by  the  action  of  fire.  He 
thinks  that  alumine  is  formed  in  thefe  fubftances  by  the 
collifions  to  which  filiceous  earth  is  expofed  in  theiOi 
and  by  the  aftion  of  the  acids  with  which  it  combines; 
and  that  alumine,  once  formed,  pafles  into  the  (late  of 
calcareous  earth,  in  confequence  of  undergoing  new 
elaborations  in  the  tubes  of  vegetables. 

We  cannot  help  obferving  in  this  place,  that  the  dif* 
covcries  made  in  Sweden  concerning  the  faline  nature 
of  the  bones  of  animals,- — which  are  to  animals  precifc- 
hf  what  the  fibrous  texture  of  plants  is  to  vegetable  bo- 
dies. 
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dies,— rfeem  to  fpgged,  that  the  refidue  of  vegetables  is 
any  thing  rather  than  an  earth.  Perhaps  an  exa£k  ana- 
lyfis,  fuch  as  has  not  yet  been  made,  n^ight  fhew,  that 
what  has  been  taken  for  an  earthy  matter,  is  rather  cal- 
careous phoiphate^  at  leaft  we  may  fufpeft  as  much 
from  the  experiments  of  Margraff  and  M.  Berthollet, 
who  have  obtained  phofphorous  from  the  grains  of  muf- 
tardy  from  the  gluten,  and  from  various  other  vege- 
table matters  ;-i-^  well  as  from  the  experiments  of  1\I. 
Haflfenfratz,  who  has  extraded  pbofphoric  acid  from  4 
gre^  quQy  madb  plants. 


CHAP. 


CHAP-  xxn. 


Of  Fermentations  in  general^  and  rf  tbeSpiritmiu  Fir* 

mnaSipn  in  particular. 


AFTER  confidering  vegetables  in  the  ftate  in  vfaidi 
nature  prefents  them  to  our  obfervation,  we  may 
attend  to  the  alterations  and  changes  which  they  are  liabk 
to  fufler  from  various  circumflances;  Thefe  alteradons 
depending  entirely  on  their  nature,  are  always  the  effc4 
of  a  phenomenon,  czWtd  fermentation. 

l^rmentation  is  a  fpontaneous  motion  which  arifes  in 
vegetables,  and  fometimes  produces  a  total  change  of 
their  properties,  lliis  motion  is  peculiar  to  the  fluids  of 
organic  bodies ;  and  no  fubftances,  but  fuch  as  haie 
been  elaborated  by  the  functions  of  vegetable  or  animal 
life,  are  fufceptible  of  it.  Chemifts  have  not  inHRei 
fufHcicntly  on  this  important  truth,  the  application  of 
which  to  the  phccnomena  of  organized  fubflanccs  is  fin^ 
gularly  ufcful  in  medicine. 

That 


spirituous  Fermentation.  399 

There  mud  feveral  circumftances  concur  to  promote 
chis  fermentation.     Such  as, 

I .  A  certain  degree  of  fluidity.  Dry  fubftances  fuf- 
fer  no  fort  of  ferthentation. 

3.  A  more  moderate  or  a  more  intenfe  heat.  The 
degrees  of  heat  vary  with  the  forts  of  fermentation  ; 
but  cold  ftops  the  progrefs  of  every  kind  of  fermen- 
tation. 

Boerbaave,  aAd  after  him  other  chemifts,  have  diftin- 
guifhed  fermentation  into  three  kinds  :  Spirituous  fer- 
mentation,  which  produces  alcohol ; — acetous  fermen- 
tation, which  aflfords  vinegar  or  acetous  acid  ; — and  pu- 
trid fermentation  or  putrefa&ion,  which  produces  am- 
moniac. It  is  to  be  obferved,  that  there  are  feveral  fer- 
menting motions,  which  cannot  be  referred  to  any  of 
thefe  three  claflfes  of  fermentation. — Such,  perhaps,  are 
the  fermentations  of  bread,  of  inGpid  mucilages,  of  co- 
louring matters,  &c.  It  has  been  thought,  that  fer- 
mentations always  fucceed  each  other  in  the  order  in 
which  we  have  mentioned  them :  but  there  are  bodies 
which  become  acid,  without  pafling  previouQy  into  the 
fiate  of  putrefadion ;  and,  in  other  inftances,  putrefac- 
tion takes  place  without  being  preceded  by  the  two  other 
fpecies  of  fermentation.-^We  may  likewife  obferve,  that 
the  internal  motion  of  maturation  feems  to  conflitute  a 
fpecies  of  primary  fermentation,  whjch  calls  forth  the 
laccharine  matter  from  a  latent  (late.  It  is  fpirituous  fer- 
mentation which  affords  alcohol.  In  order  to  become 
weii-acquainted  with  the  phacnomena  of  this  fpecies  of 
fermentation,  we  may  confider,.!.  The  conditions  ne« 
ceflary  to  its  produ&ions ;  2.  The  phoBnomena  which 
accompany  it ;  3.  The  feveral  matters  fufceptible  of  it ; 
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4.  The  cauf*:  of  this  loternal  motion ;  5.  TIte  produJ 
which  it  forms. 

It  is  well  known  to  chemiils,  that  all  vegetable  inxt* 
lers  aie  not  fufceptlble  of  fpiricuous  fermeotatioo,  and 
that,  in  order  to  its  taking  place,  feveral  tlillereat  nvt. 
cumftances  muft  concur.  Thefe  we  are  to  confidci  at 
necclTary  conditions  of  fpirituous  fetmeotaLton. 

Thefe  conditions  are» 

1.  A  faccharine  mucilage.  Ko  other  matter  is  Uiktft 
tible  of  fpirituous  fermentation.  _ 

2.  A  foniewhat  vtfcous  Huidity.  Top  fluid  a  juke  if 
no  more  fufceptible  of  fpirituous  ferineQUtioa  tliaa  MM 
that  IE  too  thick. 

3.  'Hie  heat  of— fron>  ten  to  riftecn  degrea  ii 
Rcauniur'Sa  or  from  hfcy'hve  to  Uxty.fiye  of  Fatra* 
heii';j.  . 

4.  A  confiderable  ma<s  of  matter  in  which  a  I3|m1 
motion  may  be  excited. 

"When  ihel'e  four  conditions  concur,  fpirituous  fcr- 
raenialion  then  takes  place ;  and  certain  ph,t:nomaii 
invariably  accompany  il.  The  following  are  «1h1 
have  been  difcovered  by  cbfer\'ation  concerning  it. 

1.  A  motion  u  raifed  in  the  liquor,  uhiih  bcconm 
more  and  more  conhderable,  till  at  length  ibe  ie(* 
mentation  is  fairly  eliabliflied  ilirough  the  whole  mafe 

2.  file  bulk  of  the  mixture  is  confiderably  enlargei) 
in  proportion  ss  the  motion  i^  coniiaunicatcd  thiutmti 
the  whole  md's. 

3.  The  liquor  lofss  its  tranfparency,  ajid  is  rcndertii 
turbid  b^  opaque  hlaments  appeiu'hig  in  nioiiou  thraagfa 
a'l  parts  of  it.  *^'w^ 
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4*  There  is  a  heat  produced,  amounting,  according 
€0  the  Abbe  Rozier,  to  eighteen  degrees  of  Reaumur, 
M*  feventy-two  and  one  half,  Fahrenheit. 

5.  The  folid  parts  intermixed  with  the  liquor  are 
caifed,  and  fwim,  in  confequence  of  the  liifengagoient 
of  an  elaftic  fluid. 

6.  Tho'e  is  a  confiderabie  quantity  of  carbonic  acid 
gas  difengaged.  This  gas  forms  a  ftratum  above  the 
liquor  in  the  yeffel  containing  it»  which  mfy  be  eafily 
diftinguiihed  from  common  air.  It  was  on  air  thus  pro- 
dttced,  that  Dr  Prieftley  and  the  Duke  de  Ghaulnes 
made  their  fine  experiments.  It  extingui(hes  lights,  and 
proves  fatal  to  animals,  it  produces  from  lime-water  a 
chalky  precipitate  :  Cauflic  alkali  it  caufes  to  cryftallize 
pofedly.  This  acid  is  what  renders  the  employment  of 
chofe  who  are  engaged  in  conducting  fermentation  fo 
VCTy  dangerous  to  health. 

7.  The  difengagemem  of  this  gas  is  attended  with 
the  formation  of  a  great  many  bubbles,  which  depend  OA 
ifae  vifcidity  of  the  liquor  through  which  the  carbonic 
acid  mud  pafs. 

All  thefe  phasnomena  ceafe  by  degrees,  as  the  li- 
^pior  lofes  its  fweet  tafte  and  faccbarine  nature,  and 
hecomes  brift:,  pungent,  and  capable  of  producing  in^ 
tozication. 

Men  have  been  taup;ht  by  neceiiity  to  prepare  fer- 
mented liquors  from  many  different  vegetable  fubftan- 
ces«  But  experience  has  evinced,  that  none  but  faccha« 
rine  matters  are  properly  fuitatne  fur  this  purpoie.  The 
iaccharine  matters  which  are  moll  commonly  u(eJ  in  the 
preparation  of  fermented  liquors,  and  which  therefore 
befl  deferve  to  be  examined  here,  are  the  following  : 

Wou  III.  C  c  I. 
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t.  The  juice  of  the  grape,  properly  fo  called,  pro- 
duces wine,  the  beft  of  all  fermented  liquors.    In  learn- 
ing the  art  of  cultivating  vines,  which  is  of  great  im- 
portance, it  will  be  proper  to  examine,  i .  The  nature 
of  the  foil  on  which  the  vine  grows  ;  a  dry  parched  foil 
is  known  to  be  very  favourable  to  this  plant,  as  it  does 
not  thrive  well  in  a  ftrong  fat  foil  :-<*2.  The  mode  of 
managing  and  cultivating  this  vegetable ;  it  is  to  be 
pruned,  a^d  its  branches  bent  down,  to  retard  the  pro- 
grefs  of  the  fap.     Care  muft  by  taken  to  have  the  vine 
expofed  to  the  fun,  particularly  to  the  reflection  of  his 
rays  from  the  ground,  ice. ;  and  it  does  not  need  to  be 
fupplied  with  any  fort  of  manure,  &c.  :->~3-  The  hiftorj 
of  the  vegetation  of  the  vine,  its  expofure,  its  fioweriog^ 
and  the  formation  and  ripening  of  the  grape  :-^4.  That 
of  the  accidents  to  which  it  is  liable  from  froft,  rainiy 
moifture  : — $.  The  feafon  of  the  vintage,  which  ihovid 
be  dry  and  hot.     When  this  previous  knowledge  is  ac- 
quired, the  art  of  making  wine  is  next  to  be  confidered; 
which  confifts  in  putting  the  grapes,  after  pulling  theoDf 
into  a  vefTel  expofed  to  the  heat  of  fifteen  or  (ixteen  de* 
grees,  and  cruihing,  flirring,  and  turning  them :  fo- 
mentation is  then  produced,  with  all  its  ufual  pha&nom& 
na.     The  juice  of  the  grape,  or  muft,  fhould  not  be  ei- 
ther too  fluid  or  too  thick ;  when  too  fluid,  it  may  be 
thickened  by  boiling  ;  when  too  thick,  it  mufl  be  diluted 
with  waten     When  the  wine  is  made,  it  is  drawn  o^ 
and  put  into  open  calks.     It  there  fufiers  infenfiUj  t 
fecond  fermentation,  by^whicb  its  principles  are  more  in- 
timately combined.     It  precipitates  a  fine  lee,  and  a  fall 
known  by  the  name  of  tartar j  which  we  have  examined 
in  a  former  chapter  of  this  volume.    To  preferve  wine, 

rags 
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rags  dii^d  in  fulphur  are  burnt  in  the  caik  in  which  it 
is  contained. 

It  is  farther  of  importance,  to  be  able  to  diftinguifh 
die  different  forts  of  wine.  France  produces  a  great  va- 
riety of  excellent  wines  :  diofe  of  Burgundy  are  the 
beft  for  conftant  ufe  :  their  principles  are  fo  perfedly 
combined,  that  none  is  predominant  over  the  reft.  The 
vines  of  the  diftrid  of  Orleans  acquire  nearly  che  fame 
qualities  with  thofe  of  Burgundy,  when  time  has  mel- 
lowed their  harihnefs,  and  fubdii-ed  the  ^excefs  of  fpirk 
•r  akohdl  which  they  contain.  The  red  wines  of -ChanW 
pagne  are  very  excellent,  and  of  a  delicate  flavour,  llie 
white  wine  of  the  fame  country  which  does  not  fparkle, 
is  much  better  than  that  which  fparkles ;  for  the  tafte  of 
the  latter  is  tart  and  fDurifh ;  and  it  OW'CS  its  quality 
of  fparkling  to  its  containing  carbonic  acid,  in  conf&- 
quence  of  having  been  bottled  before  the  fcrmentatioR 
had  been  finiflied.  The  wines  of  Languedoc  and 
Guyenne  are  deep  coloured,  and  highly  tonic  and  do- 
machic ;  efpecially  when  old.  1  he  wines  of  Anjou  are 
ftrongly  fpirituous,  and  therefore  foon  intoxicate.  As  to 
foreign  wines,  thofe  of  Germany,  known  by  the  name 
ofRhcniJh  and  Mofelle  wines,  are  white,  very  fpirituous, 
and  df  a  frefli  poignant  tafte  :  They  very  foon  intoxi* 
cate.  Some  Italian  wines,  fuch  as  thofe  of  Orvietto^ 
Vicenza,  and  Lachryma  Chrifli,  &c.  are  well  ferment- 
ed, and  not  much  inferior  to  good  French  wineSf 
Thofe  of  Spain  and  Greece  are,  in  general,  fweet, 
crude,  imperfeftly  fermented,  and  very  unwholefome# 
*We  muft,  however,  except  thofe  of  Rota  and  Alicant, 
virhich  are  defervedly  efteemed  very  uieful  flomachics 
aod  cordials. 

Cc  %  .St 
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2.  Apples  and  pears  afford  cyder  and  perry :  Thefe 
are  pretty  good  liquors  ;  and  M.  D'Arcet  has  {howD» 
that  brandy  may  be  obtained  from  them. 

3*  Cherries  afford  a  pretty  good  wine»  from  which 
that  fpecies  of  brandy  which  the  Germans  call  iircben' 
nvajfer  is  extraded. 

4.  Apricots,  peaches,  and  plums,  afford  a  fpecies  not 
quite  fo  good. 

5.  Sugar  diffolved  in  water  eafily  ferments*  From 
this  fort  of  wine,  prepared  from  the  juice  of  the  cane, 
there  is  a  fpirit  eztraded,  which  is  known  by  the  names 
of  tqffia^  rum^  guil  divey  ice 

6.  Gramineous  feeds,  and  of  thefe  efpeciaily  barlcj, 
afford  a  fort  of  wine,  called  been  *  The  following  axe  die 
procefles  of  the  art  of  brewing :  The  barley  is  fteeped 
in  water  for  thirty  or  forty  hours,  to  foften  it*  It  is 
then  laid  in  a  heap,  and  left  in  that  (late  till  it  begin  to 
germinate.  It  is  then  dried  in  a  kiln ;  and  the  buds 
are  feparated  by  fifting :  after  which,  it  is  coarfely 
ground  into  what  is  called  malt.  The  malt  is  put  into 
a  veilel,  called  the  majlo-iun^  and  hot  water  poured  upon 
it  to  difTolve  the  mucilage.  This  being  drawn  off,  a  fi> 
cond  quantity  of  hot  water  is  poured  upon  the  malt; 
and  in  like  manner  drawn  off*.  This  fluid  is  called 
loorty  and  boiled  with  hops ;  after  which  it  is  put  to 
ferment,  with  yeaft,  into  a  vcflel  called  the  cookn  VHm 
the  fermentation  begins  to  fubfide,  the  beer  is  ftinrcd, 
and  drawn  off  into  cafks.  The  fecond  fermentation 
throws  up  a  fcum  called  yeq^j  which  is  kept  for  io* 
menting  future  brewings.  Germination  calls  forth,  from 
a  latent  ftate,  a  certain  faccharine  matter  in  barley,  to 

vhicb 
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which  malt  owes  its  property  of  affording  a  wine.  A 
iimilar  liquor  might  be  prepared  from  mod  other  gra* 
mincous  feeds. 

All  thefe  fafts  concur  to  fhow,  that  the  faccharind 
matter  is  the  only  principle  of  vegetables  fufcepiible  of 
fpirituous  fermentation,  and  that  water  is  neceflary  to  the 
produdion  of  this  inteftine  motion.  Modern  chemifts 
are  of  opinion,  that  vinous  fermentation  confifts  folely 
in  a  change  of  the  proportion  of  the  faccharine  prin- 
ciples.  A  great  part  of  the  oxigene  combines  with 
the  carbonaceous  matter,  to  form  the  carbonic  acid 
that  is  difengaged  during  the  fermentation ;  whilft  the 
hydrogene,  combined  with  a  fmall  portion  of  carbone^ 
forms  a  very  light  and  fubtle  combuftible  body,  which 
contains  much  lefs  carbonaceous  matter  than  fugar,  and 
is  much  lighter,  and  much  more  inflammable,  and  con* 
ftitotes  what  is  called  alcohol. 

The  produ  A  of  all  thefe  fermented  fubftances  is  a  pecu* 
liar  liquor,  more  or  lefs  coloured,  of  an  aromatic  fmell,, 
of  an  hot,  poignant  tafle  ;  which,  when  taken  in  a  Imall 
quantity,  re-invigorates  the  fibres,  and,  when  drunk  in 
too  great  abundance,  intoxicates.;  and  is  known  over 
all  the  world  by  the  name  of  Wine. 

The  wine  of  grapes,  for  inftance,  is  a  compound  con« 
(ifting  of  a  large  proportion  of  water, — ^an  aroma,  pe- 
culiar to  each  different  fort  of  wine, — alcohol, — an  ef- 
fential  fait,  called  /^r/^r,— and  an  extrado-refinous 
colouring  matter,  to  which  red  wines  owe  their  co« 
lour. 

■ 

Before  proceeding  to  explain  the  means  by  which  thefe 
principles  may  be  feparated^  it  tnagr  be  proper  to  give 
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Ibme  account  of  the  properties  and  ufes  of  pore  miat 
tered  wine.  Wine,  by  means  of  the  water,  alcoho), 
and  eflfential  acid  fait  which  it  contsdns,  is  capable  of  <li{^ 
folving  a  great  many  bodies.  It  miites  with  eztrads, 
refins,  certain  metals,  &c.  Thefe  are  the  propefda 
which  render  wine  fit  for  entering  into  medical  prepa* 
rations.  Thefe  preparations  are,  i.  Emetic  wine,  whick 
is  prepared  by  macerating  four  oimces  cS  ^vem  meki- 
lorum  in  two  pounds  of  good  white  wine.  The  Sqiior 
is  filtrated,  or  elfe  made  ufe  of  in  a  turbid  ftate,  as  a 
powerful  ftimukis  in  cafes  of  apoplexy,  palfy,  &c-^ 
2.  Chalybeate  wine,  prepared  by  dtgefting  an  ounce  of 
iron-filings  with  two  pounds  of  white  wine.  ^It  is  in 
excellent  tonic  and  aperient.— *3.  Vegetable  wines,  wUdi 
are  prepared.  A,  either  with  red  wine,  in  which  aftrin* 
gent  aromatic  plants  are  macerated }  or,  B,  with  Spf 
nifh  wine.  Both  the  wine  of  fquills,  and  the  liquid  isi* 
danum  of  Sydenham,  are  prepared  with  this  fpedetof 
wine.  The  latter  of  thefe  is  prepared  by  digefting,  ibr 
a  number  of  days,  two  ounces  of  opium  cut  into  flioOf 
an  ounce  of  fafiron,  and  a  drachm  of  ckmamon  aid 
cloves,  in  a  pound  of  Spanifli  wine*  This  mixture,  ta- 
ken in  dozes  of  a  few  drops,  is  an  excellent  cahning 
medicine,  efpecially  when  there  is  reafon  to  fear  that 
opium  might  weaken  the  patient  too  much,  or  nught 
hinder  fome  ufeful  evacuation. 

The  action  of  fire  is  commonly  ufed  to  decom|iofe 
wine,  and  feparate  its  different  principles.  The  liquoi 
is  diilillcd  in  an  alembic  of  copper  plated  with  tin,  vitb 
a  receiver  adapted  to  it.  As  foon  as  the  wine  is  heat- 
ed  to  ebullition,  it  affords  a  white  fluid,  in  a  fmall  de- 
gree opaque  and  milky,  of  a  hot  poignant  tafte,  and  of 
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a  ftrong  fweet  fmell.  This  fluid  is  colleded  into  the 
receiver,  till  fuch  time  as  the  vapours  exhaling  ceafe  to 
be  fufceptible  of  inflammation  at  the  approach  of  a 
candle.  This  product  is  what  is  called  Brandy :  It  is  a 
compound  of  water,  alcohol,  and  a  fmall  quantity  of 
oil,  which  obfcures  its  tranfparency  While  it  is  diftilled, 
and  afterwards  communicates  to  it  a  yellow  colour* 
The  colour  of  old  brandy  is  not,  however,  owing  folely 
to  this  oil  which  paflfcs  with  it  when  it  is  diftilled,  but 
rather  to  the  extradive  matter  of  that  part  of  the  wood 
of  the  caflis  which  it  has  diflblved.  Alcohol,  as  we 
(hall  hereafter  fee,  is  extraded  from  brandy;  Wine^ 
after  affording  brandy,  aflumes  a  deeper  colour,  and  a 
harih  acid  tafte  \  it  is  alfo  turbid,  and  may  be  obferved 
to  contain  a  great  many  faline  cryilals,  which  are  no* 
thing  but  tartar.  This  fluid  is  now,  therefore,  totally 
decompofed,  and  its  original  properties  cannot  be  agaia 
communicated  to  it,  by  combining  the  fpirituous  product 
with  the  refidue :  The  analyfis  is  therefore  complicated^ 
The  refidue  of  wine  from  which  brandy  has  been  ex* 
tra£led,  takes,  by  evaf)oration,  the  form  and  confiflency 
of  an  extrad.  The  colouring  part  may  be  feparated 
by  alcohol,  which  does  not  aSeft  the  tartar.  This  tinc« 
ture  is  not  liable  to  be  precipitated  by  water.  When 
evaporated  to  drynefs,  the  refidue  readily  takes  fire,  and 
is  foluble  in  water.  It  is,  in  its  nature,  a  true  refino* 
cxtrafiive  fubftance,  which  the  alcohol  formed  by  the 
fermentation  has  taken  up  from  the  pellicles  of  th^  grapes. 
From  this  analyfis  it  appears,  that  wine  is  actually  com- 
fiofed  of  water,  alcohol,  tartar,  a  colouring  matter,  and 
An  aroma,  which  is  deftroyed  or  modified  by  the  adion 
of  fire    We  alroN^  imow  the  nature  aad  properties 
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of  mod  of  thefe  fubftances :  we  have  only  alcohol  to 
examine. 

Before  we  proceed  to  fpeak  of  thk  produfl,  it  will  be 
proper  to  fay  I'ometbing  concerning  a  fubftance  which  is 
pi  ecipitated  from  wine  while  it  ferments,  and  is  caBed 
Ices.  U  confifts  df  the  feeds  and  fldns  of  grapes,  im- 
pure tartar,  and  fulphate  of  potaih,  or  vitriolated  tartar. 
Brandy  is  obtained  from  it  by  diftillation  with  naked 
fire.  When  treated  in  a  retort,  it  affords  an  acid  phlegm, 
and  ammoniac ;  and  its  coaly  refidue  ccmtains  carbo- 
nate and  fulphate  of  potafli.  llie  lees  of  wine,  indne* 
rated  in  the  open  air,  afford  cauftic  potafh,  mixed  with 
carbonate  and  ftil|phate  of  potafh ;  a  fubftance  known  ia 
the  arts  by  the  name  of  cendres  gravelees.  The  partita- 
fars  which  we  are  to  relate  concerning  the  properties  of 
alcohol,  will  complete  what  has  been  here  faid  concera- 
ing  the  properties  of  lees. 

Several  chemifls  were  of  opinion,  that  the  aicohol,  in 
this  analyfis  cA  wine,  was  only  difengaged  by  the  adion 
of  the  fire.  But  if  this  fubflance  were  ready  formed  ia 
the  wine,  it  would  be  obtained  by  a  very  gentle  heat, 
whilfl:  this  can  be  effeded  only  by  ebullition.  Thus, 
modern  chemifls  conceive,  that  the  alcohol  is  formed  by 
the  heat  of  ebullition,  that  its  principles,  v/r.  a  large 
proportion  of  hydrogene,  with  a  fmall  quantity  of  car- 
bone,  combine  together  during  the  diftillation  of  wine; 
in  fhort,  that  this  liquor  contains  only  the  principles  of 
alcohoL 
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OJAlcobd^  or  the  Produil  of  Spirituous  Fermentatioru 


"O  RANDY,  obtained  from  wine  by  dift illation  with 
"*^  naked  fire,  is  a  compound  of  alcohol,  water,  and  a 
fmall  portion  of  oily  matter.  Diftillation  h  employed  ta 
feparate  tbefe  fubftances,  and  give  the  alcohol  pure* 
There  are  feveral  procefies  for  the  diftillation  of  alcohoL 
M*  Baume  recommends  the  diftillation  of  brandy  on  a 
balneum-maria^,  to  be  repeated  as  often  as  may  be  ne- 
cefiary  for  the  extradlion  of  all  the  fpirit  which  it  con- 
tains. Hedire£ls,  to  feparate  the  firft  fourth  part  of  the 
produd  of  the  firft  diftillation,  and,  in  like  manner,  the 
firft  half  of  the  produfk  of  the  fucceeding  diftillations^ 
then  to  mix  all  thefe  firft  products  together,  and  re&ify 
them  by  a  gentle  heat.  The  firft  half  of  the  liquor  which 
pafTes  in  this  reflification,  is  the  pureft  and  ftrongeft  aU 
cohol :  the  reft  is  a  weaker  alcohol,  but  ftill  better  for 
ordinary  purpofes.  Rouelle  direds  to  extrad,  by  di- 
ftillation on  the  water-bath,  one  half  of  the  brandy  made 
ofe  of:  this  firft  produft  is  comnwn  alcohol.  By  redli- 
1  fying 
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fylng  It  twice,  and  reducing  it  about  two  thirds  of  its 
original  quantity,  the  ilrongeft  alcohol  is  obtained : 
This,  according  to  KunckePs  procefs,  is  to  be  again 
didillcd  with  water,  to  feparate  the  oil  by  which  it  is 
altered.  This  alcohol,  after  the  diftiUation  with  water, 
18  rectified ;  and  the  operator  is  now  certain  of  its  be- 
ing perfeftly  pure.  The  refidue  of  diftilled  brandy  is 
nothing  but  water  impregnated  with  fome  particles  of 
colouring  matter,  with  a  peculiar  oil  floating  on  its  far- 
face. 

It  may  be  naturally  inferred,  that  this  fluid  being  pr^ 
pared  by  various  procefles,  will  be,  at  different  times,  of 
different  degrees  of  flrength.     Attempts  have  long  been 
made  to  difcover  fome  means  of  afcertaining  its  purity. 
It  was  at  fird  thought,  that  the  alcohol  which  burnt 
readily,  and  leaves  no  refidue,  mud  be  very  pure :  But 
it  is  now  known,  that  the  heat  produced  by  its  com- 
budion  is  fufficiently  drong  to  diflipate  all  the  phlegm 
which  it  may  contain.     Powder  has  been  propofed  ass 
ted  of  its  purity.     Alcohol  that  does  not  kindle  gon- 
powder,  when  it  is  itfelf  kindled,  and  applied  to  it  in 
a  fpoon,  is  confidered  as  bad ;  but  if  it  does    kindle 
the   powder,   it   is  thought   very  good.      This   proof, 
however,    is    fallacious ;    for    when   any   confiderabic 
quantity,   even   of  the  beft  alcohol,   is    poured  on  a 
little  powder,  the  water  which  it  affords  as  it  burns, 
moidens  the  powder  fo  as  to  hinder  it  from  kindling; 
whereas,   again,    the   fame  powder   may    be    kindled, 
by  burning  at  its  furface  a  very  fmall  quantity  even 
of  phlegmatic    alcohol.      This    method   of    proof  \% 
therefore  not  more  certain   than   the  former.     Boer- 
haave  gives  a  very  good  procefs  for  afcertaining  tlie 
purity  of  alcohol.    U  confids  in  cafting  dry  powdered 
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potafh  into  the  alkali  under  examination.  The  potafli 
enters  into  union  with  the  f^perabundant  water  of  the 
alcohol,  and  forms  with  it  a  more  ponderous  and  a  high- 
er coloured  fluid,  which  does  not  mix  with  the  alcohol, 
but  fioks  under  it.  Laftly,  M.  Baume,  proceeding  upon 
this  principle,  that  the  purer  alcohol  is,  fo  much- the  more 
does  its  levity  exceed  that  of  water,  has  contrived  an 
areometer,  by  means  of  which  the  degree  of  the  purity 
of  this,  or  of  any  other  fpirituous  liquor,  may  be  accu- 
rately afcertained.  When  that  inftrument  is  immerfed 
in  alcohol,  the  purer  the  fluid  is,  fo  much  the  deeper 
does  it  (ink.  He  has  afcertained,  by  a  number  of  ac- 
curate experiments,  that  the  pureft  and  mod  highly 
reified  alcohol  gives  thirty-nine  degrees  of  his  areo* 
meter,  at  ten  degrees  (^  Reaumur's  thermometer.  The 
method  of  conftruding  this  indrument,  with  the  refults 
which  alcohol  afforded  when  mixed  with  various  quan- 
tities of  water,  may  be  feen  in  his  Elements  of  Pharma- 
cy, and  may  be  applied  to  determine  the  ftrength  of 
fpirit  of  wine  by  the  hydrometer. 

Pure  alcohol,  obtained  by  the  proce&  above  defcribed, 
is  a  tranfparent  fluid,  very  moveable,  and  very  light, 
which  weighs  fix  drachms  and  forty-eight  grains,  in  a 
bottle  containing  an  ounce  of  diftilled  water.  Its  fmell 
is  poignant  and  agreeable ;  its  tafte  hot  and  pungent. 
It  is  exceedingly  volatile.  When  expofed  even  to  a 
flight  degree  of  heat  in  clofe  veflels,  it  afcends,  and  pafles 
unaltered  into  the  receiver.  By  this  means  it  is  concen- 
trated ;  and  any  little  water  which  it  might  contain  is  fe- 
porated  from  it.  On  this  account  the  fird  portions  are 
the  fweeteft,  the  pureft,  and  the  mofl  volatile.  It  was 
£[>rmerly  thought^  that  there  wa>  a  good  deal  of  air  dil^ 
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engaged  from  alcohol  "when  diftilled ;  but  what  was 
thought  to  be  air  is  now  known  to  be  the  fpirituous 
part  of  the  fluid ,  wliich  efcapes  from  the  water ,  and  is 
volatilized  in  the  flate  of  gas. 

^Vhen  alcohol  is  heated  in  contaft  with  air,  it  foon 
kindles,  and  burns  with  a  light  flame,  the  middle  of 
which  is  white,  and  the  edges  blue  :  if  it  has  been  well 
dephlegmated,  it  burns  in  this  manner  without  leaving 
any  refidue.      Various  chemifts  have  attempted  to  dif* 
cover  what  products  alcohol  afforded  when  burnt.  They 
have  afcertained,  that  its  flame  is  not  accompanied  with 
any  foot  or  fmoke,  and  that  the  produds  volatilized 
prove  to  foe  nothing  but  pure  water,  infipxd,  inodorouSf 
and  perfedly  in  the  fame  flate  with  diftilled  water.  TWi 
phcenomenon  induced  Boerhaave  to  think,  that  the  flame 
was  owing  to  the  water*;  and  his  opinion  receives  con- 
firmation from  what  is  at  prefent  known  concerning  die 
hydrogenous  gas  obtained  from  the  decompofition  of 
water, — and  concerning  the  compofition  of  water  by 
tlie  combuftion  of  the  fame  gas  with  vital  air.     M.  La* 
voifier,  on  burning  alcohol  in  a  chimney,  which  wai 
fo  conftrufted  and  difpofed  as  to  coUeft  the  vapours, 
difcovered,  that  the  quantity  of  water  obtained  is  greater 
than  the  quantity  of  alcohol  burnt ;   a  faQ:  from  which 
it  appears,  that  alcohol  contains  a  great  deal  of  hydro- 
genous gas.     On  the  other  hand,  M.  BerthoUet  has  re- 
marked, that  when  a  mixture  of  alcohol  and  water  is 
burnt,  the  fluid  rcfidue  precipitates  lime-water.      This 
experiment  fhews,  that  alcohol  contains  a  little  carbona- 
ceous matter,  v/hich,  by  its  combuftion,  or  combinatio& 
with  oxicfene,  forms  carbonic  acid.     Chemifls  have  en- 
tertained  different  opinions  concerning  its  nature.  St^» 
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Boerhaave,  and  feveral  others,  have  confidered  this  fluid 
as  a  compound  of  a  very  fubtie  oil,  with  an  attenuated 
acid  and  water.  According  to  this  opinion,  there- 
fore, it  is  a  fort  of  acid  foap.  Others,  at  the  head  of 
whom  Cartheufer  and  Macquer  defer vc  to  be  named, 
think  alcohol  to  confifl  of  phlogifton  and  water.  The 
true  nature  of  this  liquor  is  not  well  known  ;  but  it  is 
rather  confidered  as  a  particular  compound,  con ilfllng  of 
a  large  proportion  of  bydrogene,  with  a  fmall  quantity 
of  carbone. 

Alcohol,  when  ezpofed  to  the  air,  is  evaporated  at 
the  temperature  of  ten  degrees  above  the  freezing 
point,  and  leaves  no  reudue,  except  a  little  water, 
when  it  has  not  been  fufficiently  dephlegmated.  The 
hotter  the  atmofphere,  fo  much  the  more  rapid  is  the 
evaporation.  It  is  attended  with  a  greater  or  a  lefs 
degree  of  cold,  according  to  its  rapidity.  At  68  de- 
grees of  heat  above  o  in  Reaumur '&  thermometer, 
185®  Fahrenheit,  alcohol  takes  the  form  of  an  eladic 
fluid. 

Alcohol  combines  with  water  in  any  proportion,  and 
is  perfectly  foluble  in  it.  This  folution  is  attended  with 
heat,  and  forms  different  forts  of  brandy,  the  (Irength 
of  which  is  iii  proportion  to  the  quantity  of  the  alcohol* 
So  flrong  is  the  affinity  of  combination  between  thefe 
two  fluids,  that  water  is  capable  of  feparating  from  alco- 
hol many  of  the  other  bodies  which  may  be  united  with 
it ;  and  again,  alcohol  decompofes  mod  faline  folutions, 
and  precipitates  the  falts.  On  account  of  its  poflefling 
this  property,  Boulduc  lias  propofed  the  ufe  of  alcohol 
to  precipitate  the  falts  contained  in  mineral  waters,  and 
obtain  them  without  alteration. 

Alcohol 
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Alcohol  does  not  aft  on  pare  earths.  We  know  not 
whether  it  be  liable  to  be  altered  by  barytes  or  mag- 
nefia.  Lime  appears  to  be  capable  of  producing  fome 
change  upon  it ;  for  when  alcohol  is  diftilled  on  this 
ialino-terreous  fubftance,  the  fluid  acquires. a  peculiar 
fmelL  But  this  phsenomenon  has  not  been  fuffidentlj 
attended  to. 

The  fixed  alkalis  aflually^ecompofe  alcohol,  as  it 
proved  by  the  preparation  knoVn  in  pharmacy  by  Uk 
name  of  acrid  tlndure  of  tartar.  In  preparing  this  m  - 
dicine,  a  quantity  of  potafh  is  melted  in  a  crucible,  and 
either  pulverized  hot,  or  put  into  a  matrafs  :  highly  d^ 
phlegmated  alcohol  is  poured  to  three  or  £3ar  fingers 
depth  above  the  fait :  the  matraft  is  clofed  with  aiu^ 
ther  of  a  fmaller  fize  :  thefe  are  luted  together,  and  die 
whole  is  digefted  on  a  iand-bath,  till  the  alcohol  acquire 
a  reddifh  colour.  Either  more  or  lefs  alkali  remains  at 
the  bottom  of  the  vefleL  By  diftilling  the  acrid  tinc- 
ture of  tartar,  we  obtain  an  alcohol  of  a  fweet  fmell^ 
but  little  altered ;  and  there  remains  in  the  retort  a  matf 
tcr  refembling  a  faponaceous  extraft,  which,  ^en  di- 
ftilled by  naked  fire,  affords  alcohol,  ammoniac,  and  a 
light  empyreumatic  oil.  A£ter  this  operation,  a  littk 
charcoal  remains,  which  is  found  to  contain  the  potaflk 
From  this  experiment  it  would  appear,  thataicohol  con- 
tains or  forms  an  oil,  which  the  fixed  alkali  feizes,  and 
forms  with  it  a  real  foap  that  is  found  in  the  portion  of 
the  alcohol  which  has  not  fuffered  decompoiition.  The 
liliKm  ofParacelfus  differs  from  the  acrid  tindure  of  tar- 
tar, oivly  in  that  the  fixed  alk;ili  employed  in  the  pre- 
paration of  it  appears  to  have  been  reduced  to  a  cauihc 
flate  by  the  metallic  oxides  widi  which  it  was  heated* 


Hhi  marilaU  jovialy  and  cupreous  reguli  of  antimony,  of 
each  four  ounces,  are  fufed  together,  reduced  to  pow- 
der, and  detonized  with  eighteen  ounces  of  nitre,  and 
as  much  tartar :  they  are  urged  with  fire  till  they  melt ; 
the  mixture  is  th6n  pulverifed,  put  into  a  matrafs,  and 
highly  dephlegmated  alcohol  poured  upon  it,  to  the  depth 
of  three  or  four  fingers  breadth  above  the  powder. 
This  mixture,  digefted  on  a  fand-bath,  afTumes  a  beauti- 
ful red  colour,  deeper  than  that  of  the  acrid  tinfture  of 
tartar,  and  exhibits  all  the  fame  phenomena.  That 
tin£bire  may  be  rendered  entirely  fimilar  to  the  lilium  of 
Ptoacelfus,  by  digefting  alcohol  on  cauftic  fixed  alkali, 
inftead  of  ufing  fixed  fait  of  tartar,  which  is  not  en- 
tirely deprived  of  its  carbonic  acid  by  the  a6lion  of  fire,  ' 
unlefs  it  be  kept  for  a  long  time  red-bot.  M.  Berthol- 
let  is  convinced  that  thefe  tinctures  are  nothing  but  fo- 
Intions  of  cauftic  petafh  in  alcohol,  and  they  afford  an 
happy  mode  of  obtaining  this  alkali  very  pure,  as  they 
leave  it  feparate  by  evaporation.  Alcohol  a£ts  in  the  fame 
way  on  pure  foda.  The  acrid  tincture  of  tartar,  and  the 
litium,  are  very  good  tonics,  and  powerful  difcuflives. 
They  are  employed  in  all  cafes  in  which  the  natural 
ftrength  of  the  patient  is  not  fufEcient  to  fupport  the  pro* 
grefs  of  his  difeafe  to  a  crifis,  as  in  the  malignant  fever, 
finali-pox  of  a  bad  kind,  &c« 

The  a&ion  of  cauftic  ammoniac  on  alcohol  has  not 
yet  been  examined. 

All  the  acids  exhibit  with  alcohol  phaenomena  highly 
worthy  of  obfervation.  When  a  quantity  of  ftrongly 
concentrated  fulphuric  acid  is  poured  on  an  equal  quan« 
tity  of  rectified  alcohol,  a  remarkable  heat  and  hiiling 
(ake  place,  llie  two  fubftances  become  coloured  ;  and 
I  there 
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there  is  at  the  fame  time  exhaled  from  them  a  fweet 
fmeli,  refcmbling  that  of  lemons^  or  the  apple  called 
the  zolden  rennet.  If  the  retort  in  which  this  mixture 
is  ufually  made  be  placed  on  a  hot  fand-batb,  with  two 
large  balloons  adapted  to  it,  the  firft  being  inunerfed  ia 
a  veflel  fuil  of  cold  water,  the  produfU  obtained  are, 
I.  A  fweet-fmelling  alcoboU  2«  A  liquor  called  aether, 
of  a  very  fweet  fmell,  extremely  volatile,  aad  whofe 
prcfence  is  indicated  by  the  ebullition  of  the  liquor  con- 
tained in  the  retort,  and  by  the  brge  ftriae  with  which 
the  fides  of  the  veflel  are  furrowed.  Care  muft  be 
taken  to  cool  the  receiver  with  wet  cloths.  3.  After 
the  aether  follows  fulphureous  acid,  the  white  colovr 
and  fmell  of  which  fhew  that  it  is  time  to  change  the 
receiver,  in  order  to  obtain  the  aether  feparate*  4* 
There  is  at  the  fame  time  volatilized  a  light  yellowiili 
oil,  A^'hich  is  called y^^^^/  oil  of  wine.  The  fire  muilbe 
greatly  moderated  after  the  aether  has  paifi^d  ;  becaub 
the  matter  now  remaining  in  the  retort  is  black  aod 
thick,  and  fwells  confiJerably.  5.  When  the  fweet  oil  is 
all  didillcd,  there  likewife  pafles  fuIphureou3  acid,  which 
becomes  gradually  thicker,  till  at  lad  it  is  notliing  but 
black  and  dirty  fulphuric  acid.  6.  Continuing  this  ope- 
ration  by  a  moderate  fire,  the  rcfidue  is  at  length  fo 
much  dried  as  to  take  the  form  and  confifteiicy  of  a 
bitumen.  This  bitumen  expofed  to  a  very  ftrong  fire, 
afibrds  an  add  Hqucr,  and  a  dry  yellowiih  Cubitance 
like  fulpnur.  M.  Baume,  who  has  made  a  long  train 
of  experiments  on  fulphuric  lether,  has  examined  tbii 
rcfidue  with  a  groat  deal  of  care;  He  has  found  in  it 
iulphate  of  iron,  Pruirian  blue,  a  fallnc  fubftance,  and  a 
pLCjliar  earth,  the. nature  of  which  he  has  not  deter- 
mined. 
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milled.  He  even  aflerts,  that  the  yellow  fublimate  which 
it  affords  is  not  fulphur ;  and  that  it  remains  white 
and  pulverulent,  without  being  kindled  on  the  coals. 
To  thefe  particulars  we  (hall  add,  that  a  new  quantity  of 
sether  may  be  obtained  from  the  refidue  from  which 
aether  has  been  once  obtained,  by  adding  to  it,  ac- 
cording to  M.  Cadet's  procefs,  one  third  part  of  alcohol 
dephlegmated  by  potafh,  and  diflilling  that  mixture. 
Thefe  diftillations  may  be  feveral  times  repealed ;  fo  that 
from  a  mixture  of  fix  pounds  of  fulphuric  acid  with  al- 
cohol, by  adding  to  it  fucceifively  fifteen  pounds  of  the 
latter  of  thefe  fluids,  more  than  ten  pounds  of  good 
a^ber  may  be  obtained. 

The  operation  which  we  have  been  defcribing  is,  by 
Uie  phxnomena  which  it  prefents,  one  of  the  mod  fin- 
gular,  and  at  the  fame  time  one  of  the  mod  important, 
in  all  chemiftry,  as  it  affords  fome  information  concern- 
ing the  principles  of  which  alcohol  is  compofed.    There 
are  two  opinions  concerning  the  formation  of  a:ther ; 
of  which  it  is  proper  for  us  to  give  fome  account.  Mac- 
quer,  who,  as  has  been  mentioned,  thinks  alcohol  a 
compound  of  water  with  phlogiflon,  is  of  opinion,  that 
in  the  formation,  of  xther,  the  fulphuric  acid,  feizing 
the  water  of  the  alcohol,  brings  it  nearer  in  nature  to 
oils.     Thus,  according  to  this  opinion,  thete  paflfes,  at 
the  firft,  alcohol  a  little  altered ; — ^then  a  fluid  of  a 
middle  charader  between'  alcohol   and  oil,  which   is 
aether  ; — and,  laftly,  a  genuine  oil;  becaufe  the  flronger 
the  heat  employed  to  obtain  the  aether,  with  the  greater 
energy  does  the  fulphuric  acid  act  on  the  principles  of 
the  alcohol.     Bucquet,  ftruck  with  a  (Irong  objection 
which  he  made  to  this  theory,  namely,  its  being  hard  to 
Vol..  III.  D  d  conceive 
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conceive  how  the  fulphuric  acid,  impregnated  as  it  moft 
be,  from  the  time  when  it  begins  to  a£t  upon  the  alco- 
hol, with  a  certain  quantity  of  water,  abftra^ed  from 
that  fluid,. can,  notwithftanding  this  dilution,  re-a£twith 
fuch  force  on  another  part  of  the  fame  alcohol,  as  to 
reduce  it  into  an  oily  ftate, — has  advanced  another 
opinion  concerning  the  produdion  of  sther.  He  cod* 
fidered  alcohol  as  a  fluid  compounded  of  oil,  an  add, 
^d  watery  He  thought,  that  when  the  fulphuric  acid 
was  mixed  with  alcohol,  the  refult  of  the  mixture  was  t 
fort  of  bituminous  fluid,  which  afforded  by  heat  the  iamc 
principles  with  all  the  other  bitumens,— -that  is  to  faj, 
a  light  oil,  very  odorous,  and  highly  combuftible;  a 
fort  of  naphtha,  which  was  aether ;  and  then  an  oil,  kfs 
volatile,  but  higher  coloured  than  the  former,  whicb  it 
the  fweet  oil  of  wine.  We  will  in  fa£l  fee,  in  examin- 
ing the  properties  of  aether,  that  this  fluid  has  all  tk 
charaderiftics  of  a  very  fubtle  oil,  fuch  as  naphtha.  This 
theory  does  not  afford  a  fufticiently  clear  explanation  of 
what  paiTes  in  the  preparation  of  aether.  It  appears, that 
(he  alcohol  deprives  the  fulphuric  acid  of  its  oxigenc;— 
that  a  part  of  the  hydrogenous  principle  contained  in  the 
alcohol,  combines  with  this  oxigene  to  form  water  ;— 
and  that  the  alcohol,  after  lofmg  that  part  of  its  hydro* 
gene,  form»  sether.  But  we  are  not  acquainted  with  all 
that  pafles  in  this  operation. 

^ther,  obtained  by  the  procefs  here  defcribed,  is  not 
very  pure :  It  is  combined  with  alcohol  and  fulphurcous 
acid.  To  redify  it,  it  is  didilled  in  a  retort,  on  a  fand* 
bath,  with  fi:ted  alkali.  This  fait  combines  with  the 
fulphureous  acid,  and  the  aether  then  pafTes  very  pure 
by  the  moil  moderate  beat.    By  feparating  the  tirll  half 
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of  this  produdy  the  eether  is  obtained  in  the  purefl;  and 
mofl:  highly  reftified  ftate. 

.  ^ther  is  a  fluid  lighter  than  alcohol,  of  a  ftrong  fweet 
fmetl,  fufceptible  of  great  expanfion,  and  of  a  hot  and 
pungent  tafte.  It  is  fo  volatile,  that  when  ftirred  or 
fliaken,  it  is  diflipated  in  an  inftant.  When  evaporating, 
it  produces  a  cold  fufEcient  to  freeze  water,  as  M. 
Baome  has  (hewn  by  his  beautiful  experiments.  It  is 
reduced  into  a  fort  of  aethereal  gas,  which  burns  with 
rapidity.  Air  in  which  aether  is  contained,  in  a  ftate  of 
iblution,  will  pafs  through  water  without  lofmg  its  odour 
or  inflammability.  JEther  is  very  eaiiiy  idndled,  by  be- 
ing betted  in  the  open  air,  or  brought  into  contad  with 
a  burning  body ;  the  eleAric  fpark  likewife  kindles  it. 
it  difplays  a  very  luminous  white  flame,  and  leaves  a 
black,  and  feemingly  carbonaceous,  mark  on  the  furfacef 
of  bodies  expofed  to  its  flame.  M.  Lavoifier  has  pro- 
ted,  that  carbonic  acid  is  formed  during  the  combuf- 
don  of  this  liquor ;  and  M.  Scheefe,  that  the  refidue  of 
aether  burnt  on  a  little  water  contains  fulphuric  acid. 

-ffither,  according  to  the  Count  de  Lauraguais,  is  dif- 
folved  in  ten  parts  of  water.  The  jAsenomena  which 
aether  is  capable  of  exhibiting  with  faline  fubflances, 
have  not  yet  been  particularly  examined.  We  know 
enly  how  it  re-ads  on  acids.  Lime  and  the  fixed  alkalis 
do  not  appear  capable  of  producing  any  alteration  upon 
k.  Cauftic  ammoniac  mixes  with  it  in  all  proportions, 
forming  with  it  a  matter,  the  mixed  fmell  of  which 
night  produce  very  happy  efieds  in  fpafmodic  com- 
plaints. The  fulphuric  acid  becomes  confiderably  hot 
ith  sether,  and  is  capable  of  converting  a  great  part  of  it 
to  fweet  oil  of  wine,  by  diftillation.    The  fuming  ni- 
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trous  acid  excites  a  confiderable  effervefcence  in  aether  \ 
and  aether  appears  to  become  higher  coloured,  and  more 
oily^  and  to  acquire  greater  confiftencyt  in  confeque&ce 
of  the  admixture  of  this  acid«  When  mixed  with  the 
muriatic  folution  of  gold,  scther  retains  a  part  of  the  me^ 
tal,  afting)  it  would  appear,  in  the  fame  way  as  volatile 
oils,  which  alfo  retain  a  part  of  the  oxide  of  gold.  It 
diflblves  volatile  oils  and  refins,  like  alcohol :  And  phj- 
iidans  often  make  ufe  of  a:thereal  tinftures. 
.  ^tber  is  thought  a  powerful  tonic,  and  a  very  good 
antifpstfmodic  medicine.  It  is  adminiftered  in  hyfteric 
<:omplaints,  and  in  fpafmodic  colics.  It  a£b  very-fpcedi- 
ly  in  promoting  digeflion,  when  this  is  retarded  by  a 
weaknefs  of  the  ftomach.  It  muft,  however,  be  admt 
niftered  with  prudence,  for  it  is  known  to  be  dangeroiB 
when  tak^n  in  too, great  quantities.  It  is  alfo  ap|Jied 
(externally,  with  very  happy  effeds,  to  remove  the  head- 
ach,  and  cure  burnings,  &c.  Hodman,  who  paid  mvdi 
attention  to  the  combinations  of  alcohol  with  the  ful« 
phuric  acid,  made  ufe  of  a  medicine  confiding  of  fweet 
pil  of  wine,  diiTolved  in  alcohol,  which  be  called  his 
anodyne  mineral  liquor.  The  Faculty  of  Medicine  of 
Paris  ^ave  added  aether  to  this  liquor,  and  have,  in  their 
Difpenfary,  direfted  it  to  be  prepared  by  mixing  two 
punce$  of  alcohol,  which  paiTes  before  the  aether,  tvo 
punces  of  aether,  and  twelve  drops  of  fweet  pil  of  wine. 
This  medicine  is  employed  in  the  fame  yray  as  scther, 
but  is  greatly  inferior  in  its  eife^s. 

The  nitric  acid  a£ls  upon  alcohol  with  great  rapi- 
dity. Navier  of  Chalons  is  the  firft  who  has  given  an 
eafy  and  not  very  expenfivc  procefs  for  the  preparadon 
pf  nitric  aether.     His  procefs  is  as  follows  :— Into  a  very 
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ftrong  bottle  of  the  manufactory  of  S&ves,  pour  twelve 
ounces  of  very  pure  and  highly  reftified  alcohol,  and 
immerfe  it  in  cold  water,  or  rather  in  pounded  ice :  at 
feveral  different  times,  ftirring  the  mixture  each  time, 
add  eight  ounces  of  concentrated  nitric  acid  :  then  clofe 
up  the  bottle  with  a  good  cork,*  covered  with  leather* 
Set  this  mixture  afide,  in  fome  private  place,  to  avoid 
accidents  from  the  burfting  of  the  bottle,*— which  fome- 
times  happens.  In  a  few  hours,  bubbles  arife  from  the 
bottom  of  the  bottle,  are  collected  in  drops  on  the  fur- 
fiice  of  the  liquor,  and  form,  by  degrees,  a  ftratum  of 
genuine  aether.  This  phsnomenon  continues  to  go  on 
fer  four,  or  from  four  to  fix  days.  As  foon  as  the 
motion  of  the  liquor  appears  to  have  ceafed,  the  cork 
knuft  be  pierced  with  a  pin,  in  order  to  the  enuffion  of 
a  certain  quantity  of  gas,  which  would  otherwife  force 
ifs  way  out  by  uncorking  the  bottle,  and  carry  with  it 
all  the  scther.  When  this  gas  is  difcharged,  the  bottle 
may  be  unftopped,  the  liquor  contained  in  it  poured' in- 
to a  funnel,  flopping  the  under  end  of  the  funnel  with 
the  finger,  and  the  fupernatant  aether  feparated  from  the 
jrefidue,  and  received  into  a  glafs  phial. 

Mr  Woulfe  has  given  a  different  procefs  for  the  pre- 
paration of  nitrous  aether.  He  yfes  very  large  veffels, 
wlHch  afford  room  for  the  reception  of  the  air  that  is 
difengaged.  Taking  a  balloon  of  clear  glafs,  fulEcicntly 
capacious  to  hold  eight  or  ten  pints,  and  terminating  in 
a  neck  feveh  or  eight  feet  long,  he  places  it  on  a  tripod, 
liigh  enough  to  receive  under  it  a  chafing-difh.  The 
neck  of  the  matrafs  is  to  be  adjufted  to  a  tubulated  c^- 
/|nta],  with  a  glafs  tube  feven  or  eight  feet  long,  adapted 
to  its  beak.    The  lower  extremity  of  the  tube  is  received 
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into  a  balloon  with  two  necks,  the  lower  part  of  wbiA  h 
drawn  out  into  a  tube,  and  inferted  into  :Si  bottle.  The 
other  neck  of  this  balloon  joins  the  bottles  compoGog 
Woulfe's  apparatus,  which  we  have  already  repeatedly 
defcribed.  When  all  thefe  veflfels  are  fufficiently  hted 
together,  a  pound  of  redified  alcohol,  and  as  mucli 
fuming  nitrous  acid,  is  to  be  poured  into  the  macrafs, 
through  the  hole  perforated  in  the  capital :  this  hole 
mud  then  be  flopped  with  a  cryftal  ftopper,  wrapped  in 
a  piece  of  leather.  The  mixture  becomes  immediately 
exceedingly  hot :  vapours  are  difengaged,  and  pafs  n- 
pidly  along  the  neck  of  the  balloon  ;  and  this  veflel  b^ 
ing  expofed  to  a  heat  fufiicient  to  boil  the  liquor  whicb 
it  contains,  a  quantity  of  nitric  aether  paflcs  into  the 
balloon  employed  as  a  receiver*  This  procefs,  thoogb 
very  ingenious,  is  attended  with  feveral  inconvenieat 
circumflances  :  It  takes  a  long  dme  to  fet  up  the  appa- 
ratus which  is  both  very  expenfive  and  very  trouble- 
fome :  and  it  dill  expofes  the  operator  to  danger ;  for 
notwithflanding  the  room  afibrded  in  the  veflfels  for  the 
reception  of  the  vapours,  yet,  fo  rapidly  are  they  difen- 
gaged, that  the  veflels  happen  to  be  pretty  often  burft, 
with  confiderablc  noife, 

M.  Eogues,  in  the  year  1773,  publiflied  another  pro- 
cefs for  preparing  nitric  itther.  He  direfts  to  mix,  is 
a  glafs  retort,  capable  of  containing  eight  pints,  a  pound 
of  alcohol  with  a  pound  of  nitric  acid,  weakened  fo  2^ 
to  exhibit  only  twenty-four  degrees  of  M.  Baumc's  hy- 
drometer;— to  adapt  to  the  retort  a  balloon  of  the  ca- 
pacity cf  twelve  pints  j — to  afford  a  pafliige  to  the  air, 
by  inferting,  at  the  juncture  of  the  lute,  the  barrels  of 
two  quills : — ar.d  to  diilil  the  mixture  by  a  very  moiJ^ 
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rate  heat,  taking  care  that  the  retort  fink  but  a  little  way 
in  the  land-bath.  By  this  means  he  obtained  fix  ounces 
of  nitric  aether,  of  fufficient  purity.  It  appears,  from 
what  the  Abbe  Rozier  has  faid,  that  Mitouard  followed, 
fince  the  year  1770,  a  procefs  nearly  fimilar  to  that  com- 
.  municated  to  the  public  byM.Bogues.  That  chemift 
fubj^Eted  four  ounces  of  fuming  fpirit  of  nitre,  with 
twelve  ounces  of  alcohol,  to  didillation  in  a  retort :  He 
placed  the  retort  gently  on  the  fand<»bath  ;  and  by  this 
means,  which  appeared  to  him  fimpler  than  any  other 
that  had  been  recommended,  he  obtained  a  quantity  of 
nitric  aether,  of  the  fame  kind  with  M*  Navier's.  Lafily^ 
M.  de  la  Planche,  apothecary  at  Paris,  has  contrived  two 
different  ways  of  preparing  nitric  aether,  each  of  which 
has  its  conveniences.  The  firft  confifts  in  putting  nitre 
into  a  tubulated  ftone  retort,  with  a  large  balloon,  and 
pouring  in  by  the  aperture,  firft,  concentrated  fulphuric 
acid,  and  afterwards  alcohol.  The  fulphuric  acid  dif- 
engages  fpirit  of  nitre,  wHich  re- ads  upon  the  alcohol, 
and  forms,  almoft  inllantaneoufly,  nitric  iKber.  As 
flcther  prepared  in  this  way  might  be  fufpefled  to  be 
partly  fulphuric,  he  afterwards  adopted,  in  preference 
to  this  method,  a  new  procefs  ;  which  is  indeed  exceed- 
ingly ingenious :  To  a  tubulated  glafs-retort,  into  which 
he  had  put  fix  pounds  of  dry  nitre,  he  joined  an  adapter, 
and  a  receiver,  communicating  by  a  curved  tube  with 
an  empty  bottle.  Tlie  bottle,  again,  by  means  of  a 
fyphon,  communicated  with  another  bottle,  containing 
three  pounds  of  the  beft  alcohol.  Then,  after  properly 
luting  the  whole  of  this  apparatus,  and  placing  the  re- 
tort on  a  cinder-bath,  he  poured  upon  the  nitre,  through 
the  aperture  in  the  retort,  three  pounds  of  concentrated 
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fulphnric  acid, — ihut  up  the  retort  with  a  cryftal  (toppers 
urged  it  with  fire,  till  it  was  raifed  to  ebullition, — and 
maintained  «it  in  that  ftate,  till  it  ceafed  to  emit  va- 
pours. On  this  occafion,  the  fulphuric  acid  difengages 
the  acid  of  nitre,  one  part  of  which  pafles  into  the  re- 
ceiver, and  the  reft  into  the  fecond  ftafk.  At  the  end 
of  the  operation,  the  receiver  contains  fiiaiing  nitrons 
acid,  the  retort  fulphate  of  potafh,  and  the  fecond  bottle 
an  asthereal  liquor.  This  aethereal  liquor  is  next  & 
fiilled  in  a  retort,  with  a  (ingle  balloon,  and  only  tvo 
thirds  of  the  produ&  taken  up.  This  produfl  ia  difiil- 
led  with  a  fifth  part  of  funung  nitrous  acid,  graduallf 
poured  upon  it,  through  a  long  glafs  funnel :  of  this 
likewife  no  more  than  two  thirds  are  diftilled  off. 
Laftly,  This  fecond  produ£l  is  redified  on  potafh ;  fiDor  ' 
ounces  are,  at  the  firfl,  taken  off;  and  then  the  remaiki* 
ing  three  fourths.  The  four  ounces  are  very  pure  nitric 
sether ;  and  the  remaining  three  fourths  a  nitrous,  ano- 
dyne mineral  liquor.  The  relldues  of  thefe  two  reftifi- 
cations  art  dulcified  fpirit  of  nitre. 

The  nitric  aether  obtained  by  thefe  procefTes  is  a  yd- 
lowifh  fluid,  equally  volatile  and  fufceptible  of  evapo- 
ration with  fulphuric  aether.  Its  fmell  is  nearly  the  lame 
with  that  of  fulphuric  aether,  but  rather  ftronger,  and 
not  fo  pleafant.  Its  tade  is  hot,  and  more  difagreeabie 
than  that  of  fulphuric  aether.  It  contains  a  fmall  quan- 
tity of  fuperabundant  acid.  It  caufes  the  corks  to  (tart 
from  the  phials  in  which  it  is  inclofcd  j  a  large  quantity 
of  gas  being  conftantly  difengaged  from  it.  It  bums 
witli  a  brighter  flame,  and  a  thicker  fmoke,  than  fulphuric 
oether,  and  does  not  leave  juft  fo  large  a  proportion  of 
carbonaceous  refidue.    Laflly,  like  fulphuric  tether,  it 
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takes  up  gold  from  a  folution  of  that  metal,  and  be* 
comes  charged  with  a  certain  quantity  of  it. 

The  refidue  of  nitric  sether  is  of  a  lemon-yellow  co- 
lour ;  its  finell  is  acid  and  aromatic  ;  its  tafte  pungent, 
like  that  of  diftilled  vinegar.  According  to  M.  Baume, 
k  affords,  by  diftillation,  a  clear  liquor,  the  fmell  of  which 
»  fweeter  than  that  of  nitric  sether,  and  its  tafte  an  agree- 
able acid.  It  reddens  fyrup  of  violets,  combines  with 
water.in  any  proportion,  and  effervefces  with  carbonate  of 
pota(h.  There  remains  in  the  retort,  after  this  liquor 
is  diftilled  off,  an  amber-yellow  matter,  friable,  and  li« 
milar  in  its  appearance  to  real  amber,  which  attradts 
moifture  from  the  atmofphere,  becomes  pitchy  while  it 
continues  expofed  to  it,  and  diffolves  in  water  without 
rendering  it  mucilaginous.  This  fubftance,  which  M. 
Baume  calls  gummi-faponaceous,  affords  in  the  retort  a 
few  drops  of  an  acidulated  liquor,  which  is  very  clear, 
of  an  oily  confiftency,  and  a  light  empyreumatic  fmell. 
After  the  diftillatioh,  there  remains  a  fpongy  coal,  which 
is  brilliant,  infipid,  and  very  obftinately  fixed  in  the  fire. 
Bncquet  fays,  that  the  liquor  which  remains  after  the 
formation  of  nitric  aether,  takes,  by  evaporation,  a  mu- 
cilaginous coniiflency  ;  and  that,  in  a  longer  or  a  fhorter 
fpace  of  time,  there  are  faline  cryftals  formed  in  it,  which 
bear  a  confiderable  refemblance  to  hairy  caterpillars,  and 
are  called  crjftaU  of  Hiamcy  from  the  name  of  the  che- 
mifl  who  gave  the  firfl  defcription  of  them.  This  refi- 
due has  been  difcovered  to  be  oxalic  acid  ;  and  the  ra- 
dical principle  of  that  acid  appears  therefore  to  be  con- 
tained in  alcohol. 

The  muriatic  acid  does  not  aft  in  any  perceptible 
manner  on  alcohol.  This  acid  is  only  dulcified  by  fimple 
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mixture  with  this  liquor,  as  are  alfo  the  two  others^ 
when  mixed  in  a  fmall  proportion  with  alcohol.  M. 
Baume,  in  his  Diflfertation  on  sether,  mentions  his  having 
obtained  a  little  muriatic  aether,  by  bringing  vapours  of 
muriatic  acid  into  contact  with  vapours  of  alcohol.— 
Ludolf  and  Pott  employed  fublimated  muriate  of  anti- 
mony with  this  view.  Baron  Bornes  direfts  to  diilblTe 
oxide  of  zinc  in  muriatic  acid,  and  to  diftil  that  tik^ 
after  concentrating  it  by  evaporation  in  clofe  veflels  with 
alcohol,  llils  is  an  eafy  enough  way  of  obtaining  ma- 
riatic  aether.  But  no  body  has  paid  fo  much  attention  tm 
this  objeft  as  the  Marquis  of  Courtanvaux.  His  proce& 
is,  to  pour  into  a  glafs-retort  a  pint  of  alcohol^  with  tvo 
pounds  and  a  half  of  muriate  of  tin,  or  Juming  Uqmr^ 
Libavius.  A  very  (Irong  heat  is  thus  excited ;  and  there 
arifes  a  white  fuSbcating  vapour,  which  difappears  whea 
the  mixture  is  ftirred.  An  agreeable  fmell  then  exhales 
from  it,  and  the  liquor  takes  a  lemon-coloun  Pbcetbe 
retort  on  a  hot  fand-bath  :  join  to  it  with  luting  two  bat- 
loons ;  and  let  the  moft  diflant  of  the  two  be  immerfcd 
in  coid  water.  The  firfl:  produd  which  paffes  is  de* 
phlegmated  alcohol ;  after  it  the  aether  afcends.  The 
afccnt  of  the  aether  may  be  didinguifhed  by  its  fwect 
fmell,  and  the  ftriae  which  it  forms  on  the  fides  of  die 
retort.  When  the  fmell  changes,  and  becomes  ftrong 
and  fufFocating,  the  receiver  mud  be  changed,  but  the 
diftillation  flill  carried  on.  The  product  now  obtained  is 
firfl  a  clear  acid  liquor,  with  fome  drops  of  mild  oil 
fwimming  on  its  furface ;  next,  a  yellow  matter,  of 
the  confiflency  of  bufter,  which  is  a.  true  muriate  of 
tin ;  and  ladly,  a  brown  ponderous  liquor,  which  ex* 
hales  a  confiderable  quantity  of  white  vapours.— There 
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remains  in  the  retort  a  grey  pulverulent  matter,  an  oxide 
of  tin.  The  xthereal  product  mud  now  be  poured  into 
a  retort  upon  a  quantity  of  potaOi :  The  phaenomena 
vhich  fellow  ve,  a  lively  effervelcence,  and  a  copious 
precipiution,  both  owing  to  the  tin  which  the  acid  ha* 
carried  up  with  it  when  diftilled.  By  adding  a  little 
water,  and  diftilling  the  contents  of  the  retort  by  a 
moderate  heat,  a .  produd  is  obtained,-  eqoal  to  about 
one  half  of  the  former  sethereal  produ^  All  the  li* 
quors  which  pafs  after  the  muriatic  aether  are  ftrongly 
impregnated  with  oxide  of  tin :  They  attrad  moifture 
from  the  atmofpbere,  and  combine  with  water,  without 
affording  any  precipitate*  It  was  not  known  to  what 
caufe  the  rapidity  with  which  the  muriatic  add  con- 
tained in  the  fuming  liquor  ads  upon  alcohol,  while 
'the  pure  acid  does  not  aft  upon  it  at  all,  (hould  be 
afcribed  c  but  from  a  difcovery  of  Scheele's,  it  appears 
that  it  is  owing  to  the  acid  being  then  in  the  ftate 
of  oxjgenated  muriatic  acid,  in  confequence  of  which 
the  excefs  of  oxigene  which  it  contains  converts  the 
alcohol  into  ather.  ITiis  theory  was  firll  advanc^rd 
by  myfelf,  in  the  year  1781  ;  and  has  been  fincc 
confirmed  by  the  experiments  of  Mcflrs  Berthollct  and 
Pelletier. 

M.  de  la  Planche,  apothecary,  has  propofed  the  pre- 
paring of  muriatic  aether,  by  pouring  into  a  tubulated 
retort  fulphuric  acid  and  alcohol  upon  decrepitated  mu- 
riate of  foda.  The  muriatic  acid  gas,  difengaged  by 
the  fulphuric  acid,  upon  entering  the  receiver,  comes 
Into  contact  with  the  alcohol  in  a  vaporous  flate,  and 
combines  with  it.  The  refult  of  the  combination  is,  an 
scthereal  acid,  which,  by  redification  on  fixed  potafli, 
becomes  pure  sether.  It  appears,  that  in  this  procefs  the 
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muriatic  acid  deprives  the  fulphuric  acid  of  a  part  of  its 
oxigene. 

Muriatic  aether  is  highly  tranfparent  and  volatile.  It 
has  nearly  the  fame  fmell  with  fulphuric  aether.'  It  bums 
in  the  fame  way,  and  affords  a  fimilar  fmoke.  It  differs 
from  it,  however,  in  two  properties  :  Muriatic  aether  ex- 
hales, as  it  burns,  an  odour  equally  pungent  and  Erely 
with  that  of  the  fulphureous  acid  ;  and  it  has  a  ftipdc 
tafte,  like  alum.  Thefe  two  phaenomena  indicate  dus 
sether  to  be  of  a  different  nature,  and  poffibly  lefs  per- 
feft  than  the  two  preceding  forts  of  aether.  No  doubt, 
when  its  properties  are  more  minutely  examined,  it  may 
be  found  diflinguiflied  by  other  more  remarkable  pecu^ 
liarities. 

After  this  account  of  the  manner  in  which -tfaele 
three  mineral  acids  a£t  upon  alcohol,  we  are  to  proceed 
with  the  hiflory  of  this  fluid.  Little  attention  has  been 
paid  to  the  aftion  of  the  other  acids  on  alcohol.  Wc 
know  only,  that  it  combines  readily  with  the  boracic 
acid  ;  that  in  confequence  of  combination  with  this 
acid,  it  burns  with  a  green  flame ;  and  that  alcohol  ab- 
forbs  a  quantity  of  carbonic  acid  gas,  more  than  equal 
to  its  own  bulk.  As  to  the  neutral  falts,  Macquer  has 
afcertained,  that  this  fpirit  diffolves  fulphuric  neutral 
falts,  but  with  great  difficulty  ;  that  nitric  and  muriadc 
falts  combine  with  it  much  more  readily  ;  and  that  the 
lefs  intimately  the  acid  is  combined  with  the  other  prin- 
ciple of  thefe  fubftances,  the  more  of  them  does  the 
fpirit  ufually  diffolve.  Alcohol,  boiled  on  fulphate  c^ 
potafli  and  foda,  difToIved  none  of  either  of  thefe  neutral 
falts.  Neither  does  carbonate  of  potafh,  or  of  foJa. 
unite  with  it :  Moil  ammoniacal  falts  combine  with  it. 
a  Dcliquefc.T/ 
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Deliquefcent  earthy  falts,  fuch  as  calcareous  and  mag- 
nefian  nitrate  and  muriate,  diflblve  very  readily  in  it. 
Some  metallic  falts  are  alfo  very  Ibluble  in  alcohol ;  fuch 
as»  fulpbate  of  iron  in  mother- water,  nitrate  of  copper* 
muriate  of  iron  and  of  copper,  oxigenated  muriate  of 
mercury,  or  corrofive  fublimate.  All  cupreous  falts 
caufe  alcohol  to  bum  with  a  beautiful  green  flame.  M. 
de  Morveau  has  fince  given  a  fuller  table  of  the  diflferent 
degrees  in  which  falts  are  foiuble  by  alcohol,  which  is 
inCsrted  in  the  Journal  de  Fbjfique. 

Alcohol  does  not  diflblve  fulphur^  either  in  maflcs  or 
in  a  powder ;  but  thefe  two  bodies  unite,  if  brought 
into  contad  when  they  are  both  in  a  vaporous  (late,  as 
has  been  difcovered  by  the  Count  de  Lauraguais.  Hig 
procefs  confifts  in  putting  fulphur  in  powder  into  a  glafs« 
cucurbite,  putting  into  the  fame  veflel,  above  the  flowers 
of  fulphur,  a  bottle  filled  with  alcohol,  and  heating  the 
cpcurbite  on  a  fand-bath,  with  a  capital  and  a  receiver 
adapted  to  it.  -  Both  the  fulphur  and  the  alcohol  are  vo- 
latilized at  the  fame  time  :  They  combine,  and  pafs  into 
the  receiver,  in  a  fluid  which  is  fomewhat  turbid,  and 
diffufes  a  foetid  fmell.  It  contains  about  a  grain  of 
fulphur  to  the  drachm  of  alcohol.  I  have  difcovered 
that  the  fame  combination  may  be  produced  by  diililling 
fulphureous  waters,  fuch  as  the  water  of  lUighien,  with 
alcohoL 

Ardent  fpirit,  or  alcohol,  does  not  a£l  at  all  on  either 
metallic  matters,  or  their  oxides.  It  diifolves  amber  in 
part.  It  produces  no  eifefts  on  bla'jk  crj-bonaceous  bi- 
tumens. It  is  obferved,  that  it  combines  bed  with  amr 
ber,  after  being  diftilled  on  Hxed  alkali,  and  that  fixed 
alkali,  mixed  with  tliis  bitununous  fubfbnce,  renders  it 
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much  more  folublc,  by  reducing  it,  no  doubt,  to  a  fiu 
ponacc  ous  flate. 

Tliere  are  few  vegetable  matters  on  which  alcohd 
does  not  ad  with  more  or  lefs  energy.  It  deftroys  the 
colouring  part,  and  frequently  the  whole  fubftance  of 
extrads,  when  they  are  of  an  extra£lo-re(inoas,  or  a  r^ 
fino-extrad:ive  nature :  the  faccharine  and  faponaceooi 
extrafts  combine  with  this  fluid.  Margraflf  has  obtained, 
by  alcohol,  a  faccharine  eflential  fait  from  red  beet,  lldr«« 
ret,  parfnip,  &c.  But  the  matters  with  which  it  cooif 
bines  the  eafieft  are  volatile  oils,  the  aroma,  camptoi 
balfams,  and  reiins.  Alcohol  impregnated  widi  the  aio* 
ma  of  plants,  is  improperly  called  diJHlled  ffiritmtm  M* 
iers.  To  obtain  thefe  fluids,  diftil  alcohol  on  a  balneum* 
marice  with  odorous  plants.  The  liquid  takes  up  the 
odorous  principle,  and  is  volatilized  with  it,  carrying 
off,  at  the  fame  time,  a  certain  quantity  of  volatile  dlf 
which  caufes  it  to  become  white  with  diftilled  water; 
But  the  oleaginous  principle  may  be  feparated,  by  rec- 
tifying it  on  a  water -bath  by  a  very  moderate  heat ;  and 
care  muft  be  taken,  that  no  more  than  three  fourths  of 
the  alcohol  employed  be'  drawn  off,  left  fome  other 
fubftance  befides  the  aroma  fhould  be  volatilized  with 
it.  The  fmell  of  thefe  diftilled  fpirituous  waters  be- 
comes more  and  more  agreeable  as  they  grow  older; 
-and  it  appears,  that  the  odorous  principle  combines  more 
intimately  with  the  alcohol  the  longer  they  are  in 
union. 

tSo  j^reat  is  (%2  affinity  between  the  aroma  and  alcohoi, 
that  alcohol  detaches  it  from  volatile  oils  and  water.— 
When  alcohol  is  diftilled  on  volatile  oils,  and  on  water 
iniprcgnatal  with  the  odorous  principle  of  a  plant,  th? 
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alcohol  feizes  the  odorous  principle,  leaving  the  oil  and 
the  water  deflitute  of  fmell.  It  is  obferved,  that  alcohol 
diflblves  thick  and  ponderous  volatile  oils,  more  readily 
than  fuch  as  are  very  light  and  fluid.  Water  feparates 
the  principles  of  this  compound  :  It  precipitates  the  oil 
in  the  form  of  opaque  white  globules ;  but  the  aroma 
ftill  remains  combined  with  the  alcohol.  This  liquid 
eaiily  diflfolves  camphor  in  a  cold  (late  ;  but  it  diflblves 
ftill  a  greater  quantity  of  it  when  afllfled  by  the  adion 
of  heat,  lliis  folution,  in  the  proportion  of  two  drachms 
of  camphor  to  the  ounce  of  alcohol,  with  water  added, 
drop  by  drop,  affords  a  cryftalline  vegetative  figure, 
which  has  been  obferved  by  M.  Romieu :  It  is  a  per* 
pendicular  filament,  with  needles  rifing  upon  it,  under 
an  angle  of  fixty  degrees,  lliis  experiment  fucceeds 
but  feldom ;  as  it  is  fo  very  difHcult  to  employ  precifely 
the  proper  quantity  of  water,  the  proper  degree  of 
cooling,  &c. 

Compounds  of  oily  or  refinous  juices  with  alcohol,  in 
vhich  the  alcohol  is  fo  flrongly  charged  with  the  olea- 
^nous  or  refinous  juice,  as  to  be  coloured  by  it,  and  to 
afford  a  copious  precipitate  in  water,  are  called  tinilures^ 
elixirs  J  balfams^  quiniejfences^  &c.  Like  diftilled  fpirituous 
waters,  thefe  are  either  fimple,  as  when  there  is  only  one 
matter  diiTolved  in  them ;  or  compound,  when  they 
contain  feveral  matters  together.  Thefe  medicines  are 
generally  prepared  by  expofing  the  juice  in  powder,  or 
the  dry  plant,  the  volatile  oil  or  refm  of  which  is  to  be 
difTolved,  to  the  adion  of  ajcohol,  aflTided  by  ftirring, 
and  by  the  gentle  heat  of  the  fun  or  a  fand-bath.  To 
extrad  the  refms,  or  any  other  vegetable  matters,  from 
feveral  different  plants  at  once,  care  mud  be  taken,  fird 
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to  digeft  the  matter  which  is  the  leaft  liable  to  be  affed- 
ed  by  the  aSion  of  the  alcohol^  and  dien  to  expofe  to  it, 
fucceflivcly,  the  other  fubftances  over  which  it  has  great- 
er power.  When  the  menftruum  is  charged  with  as  much 
of  thefe  matters  as  it  can  receive,  it  is  drained  off. 
Son^etimes  a  compound  tincture  is  prepared  at  once, 
by  mixing  together  feveral  fimple  tin&ures.  In  this 
manner,  the  elixir  frofrifiaiis  is  prepared,  by  mixing  the 
tinftures  of  myrrh,  faffron,  and  aloes.  Refins  and 
balfams  may  be  feparated  from  alcohol  by  pouring  wa- 
ter  upon  the  tinftures,  or  diftilling  them ;  but  in  d- 
tber  of  thefe  cafes,  the  alcohol  retains  the  odorate  pria- 
eiple.  Water  is  not  capable  of  decompofing  tin^luies 
formed  with  extra£to-refinous,  or  refino-extraAive  mat- 
ters,  fuch  as  thofe  of  rhubarb,  fafEron,  opium,  gum-am* 
moniac,  &c. ;  for  thefe  matters  are  equally  foluble  in 
both  the  menftrua. 

Alcohol  and  brandy  are  very  generally  ufed,  and  ap- 
plied to  a  great  variety  of  purpofes.  The  laft  of  thefe 
liquors  is  drunk  as  a  cordial^  to  revive  the  exhaufted 
fpirits  }  but  in  excefs  it  is  dangerous,  for  it  dries  up  the 
fibres,  and  occalions  fliaking,  paify,  and  dropfy«  Alco- 
hol, either  pure  or  mixed  with  camphor,  is  ufed  to  fiop, 
by  external  application,  the  progrefs  of  gangrenes. 

Diflilled  fpirituous  waters  are  adminiilered  in  medi- 
cine, as  tonics,  cordials,  antifpafmodics,  (tomachics,  &c. 
They  are  given  either  diluted  in  water,  or  fweetened 
with  fyrups. 

Of  thefe  waters  with  fugars,  there  are  certain  drinks 
prepared,  which  are  known  under  the  name  of  ratafias^ 
or  liqueurs.  Thefe  drinks,  when  properly  prepared,  and 
4?ken  in  fmall  quantities,  may  be  of  fervice ;  but  they 
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commonly  agree  with  very  few  people,  and  are  hurtful 
to  very  many.  Thefe  liquors,  taken  in  excefs,  are  ex- 
tremely dangerous  to  the  human  conftitution.  Inftead  of 
invigorating  with  new  ftrengtb,  and  fortifying  the  tone 
of  the  ftomach,  as  they  are  commonly  thought  to  do, 
they  produce  moil  frequeiitly  a  quite  contrary  efied* 
Thofe  which,  drunk  but  feldom,  and  with  great  mode* 
ration,  are  the  leaft  injurious,  are  prepared  cold,  with 
one  part  of  alcohol  diftilled  upon  the  aromatic  fubftance 
which  is  to  afford  the  flavour,  two  parts  of  water,  and 
one  of  the  fineft  fugar. 

llndures  have  nearly  the  fame  virtues  with  difUUed 
fpirituous  waters,  but  they  a£t  with  much  more  energy  $ 
and  therefore  they  are  to  be  ufed  in  much  fmaller  quaa« 
titles,  and  given  in  wine,  in  potions,  and  even  in  aqueous 
liquors.  The  precipitate  which  they  yield  in  the  laft  of 
thefe,  is  equally  fufpended  through  the  mixture,  and  be« 
iides  the  odorous  part  remains  diffolved  in  the  alcohol* 

Laftly,  Alcohol  combined  with  the  copal  relln,  with  oil 
of  afpic,  or  the  greater  lavender,  or  with  oil  of  turpett'- 
tine,  forms  varnijbesy  which  are  called  drying  ;  becaufe, 
when  a  coat  of  tl^fs  compound  is  laid  on  any  body  to 
vamifl)  it,  the  alcohol  is  (bon  volatilized,  and  leaves  on  the 
varnUhed  body  a  tranfparent  refinous  plating.  The  vo- 
latile oils,  which  are  mixed  with  this  compofition,  hinder 
the  varniih  from  drying  too  baftily,  and^  by  communi'^ 
eating  to  it  fomewhat  of  an  unduous  nature^  render  it 
lefs  brittle  than  it  would  otherwife  be. 
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CHAP.     XXIV. 


Of  Acetous   Fermentationy  and  of  the  Acetous  and  tit 

Acetic  Acids. 


MANY  vegetable  fubflances  are  fufceptible  of  ac^ 
tous  fermentation.  Of  this  kind  are  gums,  and 
amylaceous  fascula  difTolved  in  boiling  water ;  but  fpi- 
rituous  and  fermented  liquors  poflefs  this  property  in  the 
mod  eminent  degree.  Acid  fermentation  may  be  ex- 
cited in  any  of  thefe  fluids,  by  expofmg  them  to  the  adioo 
of  beat  and  air  at  the  fame  time,  fo  as  to  convert  them 
into  what  is  called  vinegar.  This  liquor  is  chiefly  pre- 
pared from  the  wine  of  grapes ;  but  very  good  vinegar 
might  be  alfo  prepared  from  cyder,  perry  •,  &c. 

There  are  three  conditions  neceflary  to  vinous  fer* 
mentation  :  i  •  A  heat  of  twenty  or  twenty.five  degrees 
of  Reaumur's  thermometer,  or  from  75^  to  90^  of  Fah- 
renheit's :  2.  A  fubftance  at  once  vifcous  and  acid,fucb 

as  mucilage  and  tartar :    3,  The  contadl  of  air.    The 

change 

^  V'meg^t  16  OkiAt  va  "buvi^ti  b^m  vorti  the  lofufioa  of  malt. 
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change  which  -wines  undergo,  when'  converted  into 
vinegar,  can  be  attributed  to  nothing  but  an  inteftine 
motion,  excited  in  thofe  bodies  in  confequence  of  their 
containing  a  certain  quantity  of  mucilaginous  matter^ 
unaltered,  and  ftill  fufceptible  of  another  fermentation. 
The  prefence  of  an  acid  matter,  fuch  as  tartar,  is  requifite 
to  produce  acid  fermentation.     Laftly,  The  contaft  of 

air  is  indifpenfibly  neceflfary  ;  and  it  appear8,-^it  has  in- 

« 

deed  been  proved  by  the  Abb^  Rozier,  that  the  liquor 
abforbs  a  portion  of  air  while  it  ferments ;  this  is  pro« 
bably  oxigene. 

All  kinds  of  wine  are  equally  good  for  making  vine- 
gar.  The  worft  are  preferred,  becaufe  they  are  the 
cheapeft.  But  the  experiments  of  Beccher  and  Car* 
theufer  (hew,  that  generous  wines,  not  deftitute  of  fpirit^ 
afford  generally  the  beft  vinegar. 

Boerhaave,  in  his  Elements  of  Chemiftry,  has  given 
a  very  good  procefs  for  the  preparation  of  vinegar. 
Take  two  cafks  :  at  fome  diftance  from  the  bottoms  of 
tbefe  calks,  form  within  each  of  them  a  falfe  bottom 
of  wicker-work  :  upon  this  falfe  bottom  fpread  grape- 
ftalks  and  vine-branches  ;  pour  upon  thefe  wine,  till  one 
of  the  calks  be  entirely  fuH,  and  the  other  half-full.  The 
fermentation  will  lirft  begin  in  the  latter :  when  it  is 
fairly  commenced,  fill  up  this  calk  with  wine  from  the 
other  !  by  this  means,  the  fermentation  is  moderated  in 
the  full  calk,  and  begins  in  the  other.  After  it  has  con- 
tinued for  a  due  length  of  time,  fill  up  the  latter  calk 
again,  from  the  calk  in  which  the  fermentation  firft  be- 
gan : — thus  the  fermentation  is  again  excited  in  the  for- 
mer, and  becomes  languid  in  the  other.  The  two  calks 
are  to  be  thus  fucceffively  filled  up  and  emptied,  till  fuch 
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time  as  the  vinegar  be  entirely  formed  ;  which  is  not, 
ufually,  in  lefs  than  fifteen  days« 

In  obferving  the  pha^nomena  of  this  fermentation,  we 
perceiA'e  a  good  deal  of  boiling  and  hiffing  :-*— llie  liquor 
becomes  hot  and  turbid  ;  and  a  great  many  bubbles  and 
filaments  appear  to  run  through  it  in  all  dirediont: 
there  exhales  from  it  a  lively  acid  fmeli,  which  is  in 
no  way  dangerous:  it  abforbs  a  great  deal  of  air.  There 
is  a  necefGty  for  flopping  the  fermentation  ef  ery  twelve 
hours :   by  degrees  thefe  phsenomena  difappear ;  the 
heat  falls,  the  emotion  ceafes,  and  the  liquor  becomes 
clear.   It  depofites  a  glareous  fediment,  in  reddifh  flakes, 
which  ftick  to  the  fides  of  the  cafks^     It  appears,  from  a 
fufHcient  number  of  experiments,  that  the  fmaller  the 
quantity  of  the  wine,  and  the  more  it  is  expofed  to  the 
contact  of  air,  fo  much  the  more  readily  does  it  pa& 
into  the  flate  of  vinegar.    Care  muft  be  taken  to  dnv 
pff  the  vinegar  clear,  when  it  is  thus  prepared^  in  order 
to  feparate  the  Ice,  which,  were  this  precaution  neglecl- 
ed,  would  caufe  it  to  pafs  into  the  (late  of  putrid  fer- 
mentation .—Vinegar  does  not,  like  wine,  depofite  tar- 
tar by  reft  :  this  fait  was  diiTolved,  and  combined  wi^h 
the  alcohol  and  water,  during  the  fermentation.    It  is 
even  probable,  that  the  prefence  of  this  fait  has  a  prin- 
cipal influence  in  calling  forth  the  properties,  of  vinegar 
from  a  latent  ftate.     This  vinegar  is  of  a  lighter  or  an 
•higher  colour,  according  to  the  nature  of  the  wine  from 
tvhich  it  is  prepared  :    but  even  the  lighted  coloured 
vinegar  is  generally  much  higher  coloured  than  any  fort 
of  white  wine ;  bccaufe  the  colouring  part  of  the  tartar, 
which  has  been  called  forth  from  a  latent  flate  by  tbe 
produ^ion  of  the  acid,  is  diilblved  in  it» 

Vinejpr 


Acetous  Fermeniaiion.  437 

Vinegar  prepared  in  the  manner  above  defcribed  it 
extremely  fluid,  of  an  acid  fpirituous  rmcll,and  of  a  cade 
in  a  greater  or  ^  lefs  degree  four.  It  reddens  blue  ve- 
getable colours.  When  expofed  to  a  moderate  heat, 
in  veflels  indiflferently  flopped,  it  is  altered,  lofes  its 
fpirituous  part,  depoiites  a  great  deal  of  mucilagiDOus 
flakes  and  filaments,  and  alTumes  a  putrid  tafte  and  fmelL 
M.  Scheele  has  fhewn,  that  it  muft  be  boiled  for  a 
few  minutes,  iii  order  that  it  may  be  preferved  im- 
fpoiled. 

When  vinegar  is  diflilled  by  naked  fire,  in  a  ftone  cu« 
curbite  covered  with  a  capital,  or  in  a  gIa£i«retort  oa  a 
fand-bath,  it  aliords  a  phlegm  of  a  lively  and  agreeable 
fmell,  fcarcely  acid ;  to  which  immediately  fucceeds  a 
very  white,  and  flrongly  odorous  acid  liquor :  this  is 
diftilied  vinegar:  What  follows  is  lefs  odorous,  but  more 
acid ;  and  the  farttier  the  procefs  advances,  the  more  acid 
does  the  produd  become*— Thefe  feveral  produds  may 
be  taken  feparately ;  by  which  means,  (b  many  different 
forts  of  diflilied  vinegar  will  be  obtained,  of  various  de« 
grees  of  acidity  and  fmell.  The  operator  muft  be  ia« 
tisfied  with  obtaining  two  thirds  of  the  liquor,  which 
forms  the  pureft  vinegar.  The  portion  which  pafles  af- 
ter this,  is  more  acid ;  but  ii  has  an  empyreumatic  fmell, 
which  may  be  removed  by  expofing  it  to  the  air.  It 
Hkewife  acquires  a  faint  colour.  This -operation  fhews 
the  acetous  acid  to  be  more  ponderous  t^n  water*  The 
relidue  is  thick,  and  of  a  dirty^  drep^red -colour.  It 
depofites  a  certain  quamity  of  tartar,  and  is  in  an  high 
degree  acid.«r— Evaporated  ovxr.  an  open  fire,  it  takes 
the  form  of  an  extra^  ;  and  if,  when  dry,  it  be  diflilied 
in  a  retort,  it  affords  an  acid  rcddifh  phlegm,  an  oil 
which  is  at  fiifl  li^ht  and  coloured,  but  becomes  after- 

Ile  3  ^^x^ 
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wards  ponderous ;  with  a  little  ammoniac—The  refidoal 
coal,  now  left,  contains  a  confiderable  proportion  of 
fixed  alkali. 

Vinegar  may  be  concentrated  by  expofing  it  to  fro&— * 
That  portion  which  flill  remains  liquid  becomes  high* 
)y  acid,  and  is  decanted  oflF.  The  frozen  part  is  almoft 
entirely  water.  Only  a  very  little  vinegar  is  obtained 
by  this  operation. 

'The  add  of  vinegar,  when  feparated  from  tartar  and 
from  its  colouring  part  by  diftillation,  is  fufceptible  of 
combination  with  a  great  number  of  bodies. 

It  combines  only  in.  an  iinperfeft  manner  with  alumi- 
nous earth,  and  forms  with  it  needled  cryftals^  the  pro- 
perties of  which  are  but  very  little  known.  The  name 
of  this  fait  (in  the  new  Nomenclature)  is  AcetHe  rfabi- 
fnint* 

^  It  combines  readily  with  magnefia,  a0brding  in  the 
combination  a  fait,  which  is  extremely  foluble  in  water, 
and  does  not  cryftallize,  but  affords,  by  evaporation,  a 
vifcid,  deliquefcent  mals.  Acetite  of  magnefia  is  de- 
compofable  by  fire,  by  mineral  acids,  by  barytes,  by 
lime,  and  by  the  three  alkalis.<*^It  is  very  foluble  in  al* 
cohoL 

The  acetous  acid  combines  with  lime ;  and  decom- 
pofes  chalk,  difengaging  its  acid  in  the  form  of  an  elaftic 
fluid.— rThe  fait  which  it  forms  with  lime  cryftallizei 
into  very  fine  needled  cryftals,  of  a  gloffy  appearance, 
like  fatin.-r-Calcareous  acetite  is  four  and  bitter  :  it  cf- 
florefces  in  the  air.  It  is  decompofed  by  fire  j  by  fixed 
alkalis,  which  feparate  the  earth ;  and  by  mineral  acids, 
which  difengage  the  acid* 
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The  combination  of  the  acetous  acid  with  potafh^  is 
improperly  called,  in  the  laboratories,  foliated  earth  of 
tartar  :  it  fhould  be  denominated,  acetite  ofpotajb.  In 
preparing  this  lak,  a  quantity  of  very  pure  diftilled 
vinegar  is  poured  upon  carbonate  of  potafh,  prepared 
by  the  incineration  of  tartar ;  the  mixture  is  llirred, 
and  vinegar  is  poured  in,  till  the  fait  be  fully  diflblved, 
and  the  two  fubftances  mutually  faturated : — there  fhould 
rather,  indeed,  be  an  excefs  of  the  add* — ^This  liquor 
is  filtrated,  and  evaporated  bv  a  very  moderate  fire,  ia 
a  veflel  of  porcelain  or  pure  filver.  When  it  becomes 
thick,  the  evaporation  is  continued  on  a  water-bath  till 
it  be  quite  dry.  By  this  means  a  very  white  fait  is  ob- 
tained.— If  expofed  to  too  much  heat,  it  takes  a  grey  or 
a  brown  colour,  becaufe  a  portion  of  the  vinegar  is 
burnt.— -Some  chemifls  affirm,  that  acetite  of  potalh 
may  be  obtained  in  a  regular  form,  by  fuflbring  the  fo- 
lution  to  cool  a&er  having  evaporated  it  to  a  thick 
pellicle. 

Acetite  of  potafli  is  of  a  pungent,  acid,  yrinous  tafte.— 
By  the  a£lion  of  fire  it  is  decompofed,  ib  as  to  afford,  in 
the  retort,  an  acid  phlegm,  an  empyreumatic  oil,  am- 
moniac, and  a  large  quantity  of  ftrong  fmelling  gas, 
confining  of  carbonic  acid,  with  hydrogenous  gas..  The 
refidual  coal  contains  a  good  deal  of  naked  potaih.— - 
This  fait  ftrongly  attra&s  the  moiftifre  of  the  atmofpher^e, 
and  is  very.foluble  in  waters  The  fulphuric  add  de- 
compofes  it.  To  effed:  this  decompofition,  one  part  of 
concentrated  fulphuric  acid  is  poured,  on  two  parts  of 
acetite  of  potaih,  introduced  into  a  tubulated  glafs-re« 
tort,  with  a  receiver  fitted  to  it.  There  is  inftantly  dif- 
engaged,  with  a  lively  effervefcence,  a  vaporous  fluid, 
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of  a  poignant  fmell,  which,  in  the  receiver,  condenfes 
into  acetic  acid,  the  radical  principle  of  vinegar*  This 
vinegar  is  highly  concentrated,  and  ftrongly  acid^  but 
not  pure,  and  always  mix^d  with  a  certain  quantity  of 
fulphureous  acid,  which  may  be  diftinguifiied  by  its 
findl.—- The  tartareoua  acidulum  likewife  decompofet 
acetite  of  potaih  ;  becaufe  it  has  a  nearer  aflbiity  than 
the  acetous  acid  with  the  alkaline  bafe  of  this  fait. 

Vinegar  enters  into  a  perfeA-  combination  with  lbda| 
and  forms  with  it  a  fait  which  has  been  improperly  call- 
ed  crjfiallizable  foliated  earth :  We  give  it  the  denomi- 
nation  of  acetite  tf  foda.  The  only  difference  between 
this  fak  and  acetite  of  potaOi,  is,  that  it  cryftaUizes  in 
flriated  prifms,  much  like  thofe  of  fulphate  of  foda,  and 
floes  not  attract  moifture  from  the  atmofphere.  To  ob* 
tain  it  in  regular  cryftals,  its  folution  mud  be  evaporated 
to  a  pellicle,  and  then  fet  in  a  cool  placeu  Acetite  of 
foda,  like  acetite  of  potaih,  is  decompofable  by  hre,  and 
by  mineral  acids*  To  thefe  particulars  we  may  add, 
that  when  alkaline  acetous  falts  are  diftilled  by  a  ftrong 
fire,  the  refidues  which  they  leave  are  fo  many  pyro- 
phori,  and  burn  when  expofed  to  the  air.  M.  Proufi, 
to  whom  we  owe  thefe  difcoveries,  thinks  the  divifion 
of  a  carbonaceous  reddle,  by  an  earth  or  a  metallic 
oxide,  to  be  the  only  condition  neceflary  to  the  produc* 
tion  of  a  pyrophorus* 

The  acid  of  vinegar  forms,  with  ammoniac,  a  Uquor 
that  is  called  fpirit  of  Mendererusy  and  is  properly  am- 
moniacal  acetite.  11)18  fait  is  fo  volatile  that  it  cannot 
be  evaporated  without  a  great  part  of  it  being  loft  j  yet, 
by  flow  evaporation,  it  may  be  obtained  in  needled  err* 
i^als,  which  are  of  a  hot  pungent  tafte,  and  very  fpeedilf 
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attract  molfture  from  the  atmofphere.  Ammoniacal 
acetite  is  decompofed  by  the  adion  of  fire  ;  by  lime  and 
alkalis,  which  difengage  the  ammoniac ;  and  by  mineraf 
acids^  which  feparate  the  acetous  acids. 

Vinegar  a^  upon  almod  all  metallic  fubftances ;  and 
exhibits,  in  its  combinations  with  them,  a  number  of 
very  important  phxnoroena. 

It  does  not  appear  that  this  fluid  is  capable  of  effeft'* 
ing  an  immediate  folution  of  oxide  of  arfenic  ;  but  this 
oxide,  by  diftillation  with  equal  parts  of  acetite  of  pot* 
afh,  aflForded  M.Cadet,  and  the  chemifts  of  the  Academy 
of  Dijon,  a  fuming  liquor  of  a  very  flinking  fmell,  very 
tenacious,  and  of  a  very  lingular  nature.  M.  Cadet  firft 
obferved  this  liquor  to  be  capable  of  inflaming  fat  lute* 
The  academicians  of  Dijon,  wifhing  to  examine  a  yeK 
lowifh  matter  of  an  oleaginous  confiflency,  which  they 
found  accumulated  in  the  bottom  of  a  bottle  containing 
arfenico-acetous  fuming  liquor,  decanted  off  a  part  of 
the  fupernatant  liquor,  and  pourf d  the  reft  on  a  paper* 
filter.  Only  two  or  three  drops  had  paiTed,  when  fud- 
denly  there  arofe  a  very  thick  fmoke,  of  a  naufeous  fmell^ 
uhich  formed  a  column  extending  from  the  vefFel  to  the 
cieling  of  the  room  :  a  fort  of  ebullition  took  place  a- 
round  the  edges  of  the  matter,  and  from  it  there  arofe 
a  beautiful  rofe-coloured  flame,  which  continued  to  bum 
for  feveral  (econds.  A  particular  account  of  thefe  ele- 
gant experiments  may  be  feen  in  the  third  volume  of 
the  Elements  of  Cbemifiry  of  Dijon.  Thefe  chemifls  com- 
pare the  liquor  of  which  we  are  fpeaking  to  a  liquid 
phofphorus :  We  take  it  to  be  a  fort  of  pyrophotus, 
as  well  as  fome  others  of  which  we  are  hereafter  to 
fpeak.  The  refidue  remaining  aft'jr  the  diftillation  of 
2  acetite 
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acetlte  of  potafliy  with  oxide  of  arfemc^  coniiils  chiefly 
ofpotaflu 

Vinegar  diflblves  oxide  of  cobalt :  the  Iblatioii  is  of 
a  pale  rofe-colour. 

It  a£b  neither  on  bifmutb,  nor  on  its  oxide  ;  butdif* 
folves  oxide  of  manganefe. 

It  accomplifhes  a  direft  folution  of  nickel,  according 
to  M.  ArwidfTon.  This  folution  affords  green  cryftals, 
of  the  form  of  a  fpatula. 

This  acid  does  not  z&  upon  antimony  ;  but  it  appears 
to  diffolTe  the  vitreous  oxide  of  that  femi-metal }  for  An- 
gelus  Sala  made  up  an  emetic  preparation  of  thefe  two 
fubftances. 

Both  zinc  and  its  oxide  diflblve  very  readily  in  diilfl- 
led  vinegar.  M.  Monnet  obtained,  by  evaporating  this 
folution,  cryftals  in  the  form  of  broad  plates*  Acetite 
of  zinc  fulminates  on  the  coals,  and  gives  out,  on  die 
occafion,  a  faint  bluifh  flame.  It  affords,  by  diftillatioD, 
an  inflammable  liquor,  a  yellowifh  oily  fluid,  the  colour 
of  which  foon  changes  to  a  deep  green,  and  a  white  fub- 
limate,  which  bums  by  the  light  of  a  taper;  with  a 
beautiful  blue  flame*  The  refidue  is  in  the  ftate  of  a 
fcarcely  combuftible  pyrophorus. 

The  acid  of  vinegar  does  not  diflblve  mercury  in  ; 
metallic  ftate.  This  combination  may,  however,  be  ef> 
fe&ed  by  attenuating  the  mercury  into  very  fmall  par- 
ticles in  the  manner  of  Keyfer.  Mercury,  in  the  ftate 
of  oxide,  combines  eafily  with  vinegar.  The  only  thing 
neceffary  to  produce  this  combination,  is,  to  boil  the 
acid  upon  the  red  oxide  of  mercury^  cMed  precipitate  pir 
/fj  upon  turbitbj  or  upon  mercury,  precipitated  by  pot- 
i(h  from  a  nitric  folution  of  that  metal.    The  liquor  be- 
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comes  white,  but  regaias  its  tranfparency  while  boiling. 
It  is  filtrated.  By  cooling  it  precipitates  filver-coloured 
cryflals,  in  the  form  of  fparkling  fcales,  refembling  the 
cryftals  of  j^e  boracic  acid.  This  acetite  of  mercury 
has  obtained  the  name  of  mercurial  foliated  earth.  It  is 
prepared  in  an  infiant,  by  pouring  a  nitric  folution  of 
mercury  into  a  Iblution  of  acetite  of  potafh.  The  ni- 
tric acid  combines  with  the  fixed  alkali  of  the  latter 
of  thefe  falts,  and  forms  with  it  nitre,  which  remains 
diflblved  in  the  liquor  ;  and  the  oxide  of  mercury^  com- 
bining with  the  acid  of  vinegar,  is  precipitated  in  bril« 
liant  fcales.  This  mixture  is  filtrated;  and  the  ace- 
tite of  mercury  then  remains  on  the  filter.  This  fait 
is  decompofed  by  the  9£lion  of  fire.  Its  refidue  affords 
a  fort  of  pyrophorous.  It  is  eafily  altered  by  combuf* 
tible  vapours. 

Tin  fuffers  but  very  little  alteration  from  vinegar. 
This  acid  diifolves  only  a  very  fmall  portion  of  the 
metal.  The  folution  afforded  M.  Monnet,  by  evafx)- 
ration,  a  yellowifh  fubftance  refembling  gum,  and  of  a 
foetid  fmetl. 

Lead  is  one  of  thofe  metals  on  which  the  acid  of  vi- 
negar ads  with  the  moll  powerful  energy.  It  diflblves 
this  metal  with  the  greateft  facility.  Plates  of  lead, 
expofed  to  the  (team  arifing  from  hot  vinegar,  are  co- 
vered over  with  a  white  duft,  which  is  called  cerufe^ 
and  is  nothing  but  oxide  of  lead,  with  a  little  vinegar. 
This  oxide,  ground  with  one-third  part  of  chalk,  forms 
what  is  ufed  in  painting  under  the  name  of  white  lead. 
To  faturate  vinegar  with  lead,  the  acid  is  poured  upon 
cerufe  in  a  matrafs.  This  mixture  is  digeflcd  on  a  fand- 
bath.     After  remaining  in  digeftion  for  feveral  hours, 

the 
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tiie  liquor  is  filtered  and  evaporated  to  a  pellicle.  It 
afibrdSyby  cooling  and  reft,  white  cryftals^-^n  thefliape 
of  irregular  needles,  if  the  liquor  was  too  much  concen- 
tr'ated,--H>r  of  fiat  parallelipipeds,  terminating  in  two 
Hoping  furfacest  when  the  procefs  of  evaporation  is 
properly  condufted.  This  acetitc  of  lead  it  called /i/  or 
faccbarum  Saiurni,  ori  account  of  its  faccharine  tade. 
Its  tafte  is  likewife  ftiptic.  A  fimilar  fait  is  prepared 
of  litharge  and  vinegar.  Equal  parts  of  the  two  fob- 
ftances  are  boiled  together  till  they  be  mutually  fata- 
rated^j  and  this  mixture,  aftct  being  evaporated  to  the 
confiftency  of  clear  fyrup,  forms  M.  Goulard's  extrod 

m 

of  Saturn^  which  vras  known  long  before -his  time  by  the 
name  of  vinegar  of  Saturn.  ■  Acetite  of  lead  is  deconi- 
pofed  by  beat.  It  affords  an  acid  liquor,  which  is  ruddy, 
and  ftrongly  fcctid,  but  very  different  from  radical  vi- 
negar, or  the  pure  acetic  acid  of  which  we  are  foon  to 
fpeak.  The  refiduc  is  a  very  good  pyrophorus.  This 
fait  is  decompefed  by  diKlilled  water,  by  lime,  alkalis 
and  mineral  acids.  The  extract  of  Saturn^  diluted  in 
water,  and  mixed  with  a  little  brandy,  forms  the  ve^et^ 
mineral  water. 

Vinegar  diffolves  iron  with  confiderable  energy.  Ttc 
effervefcence  which  takes  place  in  this  folution  is  owing 
to  the  difengagement  of  hydrogenous  gas  from  the  wa- 
ter which  appear;  to  be  decompofed.  The  liquor  aflumei 
a  red  or  brown  colour.  By  evaporation,  it  affords  nothioj; 
but  a  gelatinous  magma,  mixed  with  a  few  obioci; 
brown  cryflals.  Acetite  of  iron  has  a  ftiptic  fweciiih 
tafle.  It  is  decompofed  and  deprived  of  its  acid  by  fir6 
Jt  attrafh  moifture  from  the  atmofphere,  and  is  decom* 
pi^fed  in  diflilled  water.    When  heated  \\\\  it  ceafes  to 
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exhale  the  fmell  of  vinegar,  it  then  leaves  a  yeUoviib 
oxide,  fubjefi  to  the  attraflion  of  the  loadftooe.  The 
acetous  folution.  of  iron^  affords  with  nut-gall  a  very 
black  ink,  and  might  be  very  advantageouily  employed 
in  dyeing.  Alkaline  Pruiliates  precipitate  from  it  a  very 
bright  Pruflian  blue.  Black,  yellow,  and  brown  oxide  oL 
iron,  and  native  carbonate  of  iron,  or/patbd/e  irannn^^ 
afford  with  vinegar  folutions  t>f  a  very  beautiful  red 
colour. 

Copper  is  very  eafily  diflblved  in  the  acetous  add. 
This  folution,  ^th  the  help  of  heat,  takes  by  degrees 
a  green  colour.  But  the  acid  ads  more  readily  on  this 
metal,  when  it  has  been  already  oxidated  by  vinegar, 
and  fo  converted  into  the  fubftance  called  verdigris. 
Verdigris  is  prepared  in  the  neighbourhood  of  Montpel- 
lier,  by  laying  plates  of  copper  into  earthen  veffels,  in 
layers  covered  with  the  hulks  of  grapes,  previoufly. 
fprinkled  and  fermented  with  weak  vinegar.  The  fur*- 
faces  of  thefe  plates  are  foon  covered  with  a  green 
ruft ;  which  is  increafed  by  piling  them  upon  each 
other,  and  fprinkling  them  with  weak  vinegar*  The 
copper  is  then  fcraped,  and  the  verdigris  put  up  in 
leather-bags  for  fale.  M.  Montet,  an  apothecary  at 
Montpellier,  has  given  a  very  good  defcription  of  thi& 
procefs  in  two  Memoirs,  printed  among  the  Memoirs  of 
the  Academy  of  Sciences,  in  the  years  1750  and  1753^ 
Verdigris  readily  diffolves  in  vinegar.  This  folution- 
is  of  a  beautiful  green  colour,  and  affords,  by  evapo* 
ration  and  cooling,  green  cryftals  in  truncated  qua- 
drangular pyramids,  which  are  called  cryjlals  qJ  Venus. 
The  cryftals  prepared  for  commerce,  which  are  called 
difiilled  verdigris^  on  account  of  their  being  prepared 

with 
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with  diftilled  vmegar,  are  in  the  form  of  fine  pyn* 
raids.  Thefe  cryftals  take  a  pyramidal  form,  from 
their  being  depofited  on  a  piece  of  wood  fplit  into 
four  branches,  which  are  kept  feparate  by  apiece  of 
cork. 

Acetite  of  copper  has  a  very  (Irong  tafte,  and  b  a 
violent  poifon.  It  is  decompofed  by  the  adtion  of  fire. 
It  effervefces  in  the  air,  and  is  covered  over  with  a  dufi, 
the  colour  of  which  is  a  much  paler  green  than  the  co« 
lour  of  the  original  fait.  It  is  entirely  diflblved  in  wa- 
ter,  but  not  decompofed.  Lime-water  And  alkalis  pre- 
cipitate this  folution. 

When  this  fait  is  reduced  to  powder,  and  diftilled  in 
a  glafs  or  earthen  retort,  with  a  receiver,  it  affords  a 
fluid,  which  is  at  drfl  white  and  fomewhat  acid,  but 
foon  becomes  fo  ftrong  as  to  be  not  inferior  in  acidity 
to  concentrated  mineral  acids.  The  receiver  is  changed, 
in  order  that  the^hlegm  and  the  acid  may  be  obtained 
feparate.  The  acid  has  been  called  radical  vinegar^  or 
vinegar  of  Venus.  It  is  of  a  green  colour,  which  it 
owes  to  a  certain  quantity  of  calx  of  copper  that  is 
carried  up  with  it  in  the  diftillation.  When  the  diftil* 
lation  ceafes,  and  the  retort  is  red-hot,  the  refidue  re- 
maining is  a  brown  copper-coloured  duft,  which  fre- 
quently communicates  a  metallic  tinge  to  the  fides  of 
the  veffeK  This  refidue,  as  has  been  obferved  by  the 
Duke  d'Ayen,  and  M.  Prouft,  is  flrongly  pyrophoric. 
Vinegar  of  Venus  is  rectified  by  diftillation  with  a  mode- 
rate heat.  It  is  then  perfedly  white,  provided  it  be  not 
too  much  urged  with  fire  towards  the  end  of  the  opera- 
tion, fo  as  to  reduce  the  oxide  of  copper,  remaining  in 
the  retort,  to  too  dry  a  ft  ate.  The  reduction  of  copper 
c  which 
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which  may  be  obferved  in  this  operation,  contributes  te 
explain  the  nature  of  radical  vinegar*  This  acid  ap- 
pears to  bear  the  lame  relation  to  common  vinegar  which 
the  oxigenated  muriatic  acid  bears  to  the  pure  muria> 
tic  acid ;— or  rather,  the  fame  which  the  fulphuric  bean 
to  the  fulphureous  acid,  or  the  nitric  to  the  nitrous 
acid.  In  this  operation,  the  acetous  acid  combines 
with  the  oxigene  of  the  oxide  of  copper,  which  paifes 
at  the  fame  time  into  a  metallic  ftate.  The  effe£b,  in 
the  produ6Uon  of  which  radical  vinegar  differs  effen* 
tially  from  common  vinegar,  feem  to  be  •  owing  to 
the  oxigene  which  that  acid  acquires.  For  this  rea- 
fon,  we  give  it,  according  to  the  rules  of  the  Nomen^ 
clature  now  adopted  through  this  work,  the  name  of 
the  acetic  acid. 

The  acetic  acid,  or  radical  vinegar^  reftified  in '  this 
manner,  is  of  fo  Hvely  and  pungent  a  fmell,  that  it  can 
fcarce  be  borne.  Such  is  its  caufticity,  that  when  ap- 
plied to  the  (kin  it  corrodes  and  cauterizes  it:  it  is 
extremely  volatile  and  inflammable :  when  heated  in 
contad  with  air,  it  takes  fire,  and  bums  with  more  or 
lefs  rapidity,  according  as  it  is  more  or  lefs  reftified. 
This  fa£t  has  led  chemifts  to  think,  that  vinegar  con- 
tains alcohol,  and  is  a  fort  of  natural  aether.  The  poig- 
nant agreeable  fineli  which  the  firft  portions  of  this  acid 
diffiife,  favours  the  fame  opinion. 

Acetic  acid  evaporates  all  away  in  the  air.  .  It  com- 
bines with  water,  with  a  confiderable  heat :  with  earths, 
alkalis,  and  minerals,  it  forms  falts  different  from  thofe 
into  which  common  vinegar  enters ;  we  call  them  acetates 
of  potafh,  foda,  zinc,  mercury,  &c.  M.  de  Laffone 
has  ihewn,  thatthc  ammoniacal  fait  formed  by  radical 
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vinegar,  qr  the  a<^tic  acid,  is  not  of  the  fame  nature 
vith  ammopiacal  a^etite,  or  fpirit  of  Mendererus.  Al- 
though  we  are  not  yet  fufEciently  acquainted  widi  all 
thtfe  acetates  ;  yet  their  forniy  tafte,  and  Solubility,  ihew 
plainly,  that  ibey  are  of  a  different  nature  from  ace* 
tites. 

The  Marquis  de  Courtanvaux  has  (hown,  that  nothing 
but  the  lail  portion  of  the  acetic  acid»  obtained  by  the 
diflillation  of  acetite  of  copper  or  verdigris^  is  fufcep- 
tible  of  inflammation,  and  that  it  pofleffes  likewife  the 
property  of  being  liable  to  congelation  by  cold.  Thi$ 
laft  portion,  redified,  cryftallized  in  the  receiver,  in 
large  plates,  and  in  needles }  nor  did  it  become  fluid, 
till  it  was  expofed  to  a  heat  thirteen  or  fourteen  degrees 
above  the  freezing  point.  In  this  property^  this  fubftaocc 
tefembles  osigenated  muriatic  acid. 

The  acetic  acid  dec6mpofet  alcohol,  and  forms  sdjer, 
as  readily  as  mineral  acids,  as  has  been  difcovered  by 
the  Count  de  Lauraguais.  All  that  is  neceffary  to  pro- 
duce this  effed,  is  to  pour  a  quantity  of  radical  vine- 
gar upon  an  equal  quantity  of  alcohoL  A  confiderable 
heat  is  excited.  The  retort  is  placed  upon  a  hot  fand- 
bath ;  and  two  receivers  are  adapted  to  it,  the  moft  di- 
(lant  of  which  is  immerfcd  in  cold  water  or  pounded 
ice.  This  mixture  muft  be  quickly  boiled.  There  arifes 
from  it,  firfl,  a  dephlegmated  alcohol ;  after  that,  aether ; 
and  then  an  acid,  which  becomes  gradually  (Irongery  as 
the  procefs  advances.  In  the  retort  there  remains  a  brown 
mafs,  much  like  a  refin.  Care  muft  be  taken  to  change 
the  receiver  as  foon  as  the  fmell  of  the  aether  becomes 
acrid  and  pungent,  and  te  colleft  the  acid  by  itfdi- 
The  acetic  retber,  thus  obtained^  muft  be  reSified  by  a 

moderate 
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SQoderate  heat  with  potafh*  In  thif  operation  there  is 
a  good  deal  of  it  loft.  The  formation  of  this  xther  is 
owing  to  radical  vinegar^s  containing  an  excels  of  oxi- 
gene*  Scheele  relates,  that  he  never  facceeded  in  pre- 
paring acetic  aether  from  radicai  vinegar  combined  with 
alcohol,  and  could  not  accomplifli  this  preparation 
without  adding  a  mineral  acid.  M.  Palmer  bad  al- 
ready made  the  fame  remark  on  the  difficulty  of  ob« 
taintng  acetic  ^cthtx  by  M.  de  Lauraguais's  procefs. 
A  great  many  French  chemifts  have,  however,  employed 
this  proce{s,  and  I  myfelf,  among  others,  with  fufficient 
fuccefs. 

M.  de  La  Planche,  apothecary,  prepares  acetic  sether 
by  pouring  concentrated  fulphuric  acid  and  alcohol  upon 
acetite  of  le^d  introduced  into  a  retort.  The  theory 
and  pradice  of  this  operation  differ  in  no  refpeA  from 
thofe  of  the  analogous  procefs  by  which  nitric  and  mu- 
riatic aether  are  prepared.  Acetic  aether  has,  like  every 
other  fort  of  aether,  an  agreeable  fmell,  which,  however, 
is  always  mixed  with  the  fmell  of  vinegar,  though  not 
acid.  It  is  very  volatile  and  inflammable,  burns  with  a 
lively  flame,  and  leaves^  after  its  cpmbuftion,  a  carbo- 
naceous mark. 

Chemifts  need  to  make  yet  many  more  refearches  into 
the  nature  of  the  acetic  acid.  What  we  have  here  fai4 
concerning  its  properties,  ^dli  ferve  to  (hew,  1  •  That  it 
differs  in  a  lingular  manner  from  the  acetous  acid,  or 
common  vinegar.  2.  That  the  difference  is  owing  to  the 
acetic  acid's  containing  more  oxig^ne  than  the  acetous ; 
which  excefs  it  has  derived  from  the  oxide  of  copper.— - 
Let  U8  now  refume  the  examination  of  the  other  proper- 
ties of  common  vinegar. 

Vo^.  III.  .  V  i  The 
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The  acetous  acid,  with  the  help  of  heat,  diflblves  the 
gold  precipitated  by  fixed  alkali,  from  the  oxigenated 
muriatic  acid.  This  acetous  folution  of  gold,  precipi- 
tated by  ammoniac,  ^f[orA^  Julminating  gpldy  as  has  been 
(hown  by  Bergman,  It  ads  in  the  fame  way  on  platina 
and  filver.  While  thefe  metals  are  m  a  matallic  ftate, 
vinegar  is  incapable  of  ading  upon  them  ;  but  it  dif- 
folves  them,  when  expofed  to  it  in  the  ftate  of  oxides. 

Vinegar  is  capable  of  combining  with  many  of  the 
immediate  principles  of  vegetables  :  It  difTolves  extrads, 
mucilages,  and  eifential  falts  It  combines  with  the  aro- 
ma :  It  is  thought  to  be  the  proper  folvent  for  gum  re- 
fms.  It  has  even,  at  length,  or  by  the  way  of  diftiila- 
tion,  a  difcernible  influence  on  fat  oils,  and  reduces  them 
to  a  fort  of  faponaceous  ftate.  ITie  combinations  of  ti- 
ncgar  with  vegetable  fubftances  have  not  been  farther 
examined  with  any  accuracy. 

This  acid  is  ufed  in  the  extraftion  of  feveral  of  the 
principles  of  vegetables,  efpecially  in  the  extra^on  of 
their  odoriferous  principle  5  and  various  forts  of  vinegar, 
both  fimple  and  compound,  are  prepared  for  medical 
ufes.  Vinegar  of  fquills,  colchicum,  &c.  afford  inftances 
of  the  fimple  ;  theriacal  vinegar,  and  the  vinegar  of  the 
four  thieves,  are  compounds.  Thefe  medicines  are  pre- 
pared by  maceration  and  digeftion,  continued  for  feveral 
days.  As  this  acid  is  volatile,  it  is  diftilled  on  aromatic 
plants,  whofe  odoriferous  principle  it  takes  up.  Of  this 
kind  is  the  diftilled  vinegar  of  lavender,  which  is  ufed 
at  the  toilet.  ITiefe  liquors  are,  in  general,  not  fo  agree- 
able as  fpirituous  diftilled  waters. 

Vinegar  is  very  much  ufed  as  an  article  of  feafoning. 
It  is  much  ufed  in  medicine,  as  being  cooling  and  acn- 
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jfeptic :  There  is  a  fyrup  made  up  of  fugar  and  vinegar^ 
vhich  is  adminiftered  with  fuccefs  in  burning  and  putrid 
i^yetz^  &c  This  acid,  applied  externally,  is  ailringent 
and  refolvent.  All  its  combinations  are,  in  Uk^  manner^ 
ufed  as  excellent  medkines. 

Acetite  of  potafh,  and  aceti^e  of  foda,  which  are  known 

by  the  names  of  terra  foliata  tartaric  and  acetous  mineral 

fglS^    are    powerfully   difcuffive  and   aperient  :     They 

are  given  in  dofes  of  hsjf  a  drachm^  or  even  a  drachm 

.each.  ' 

Spirit  of  Mendererus,  or  ammoniacal  acetite,  given 
in  dofes  of  a  few  drops,  in  certain  drinks,  is  aperient, 
diuretic,  cordial,  antifeptic,  &c.  It  is  often  fuccefsful  in 
the  leucophlegtnatia,  or  fwelling  of  the  external  parts  of 
the  body. 

Acetite  of  mercury,  or  terra  foliata  tartaric  is  an  ex- 
cellent anti-venereal :  it  is  the  principal  ingredient  in 
Keyfer's  pills. 

The  extract  of  Saturn^  vinegar  of  Saturriy  and  vegett^ 
mineral  water,  are  applied  externally,  as  deficcatives. 
They  are  violently  repcrcuffive,  and  ought  therefore  to 
be  very  cautioufiy  adminiftered,  efpeciaily  when  applied 
to  excoriated  or  ulcerated  par^ts.  Boerhaave  mentions 
feveral  young  women  who  were  attacked  with  confanip- 
tions,  in  confequence  of  the  external  ufe  of  preparations 
of  lead. 

Cerufe  enters  into  the  compofition  of  deficcative  un- 
guents and  plafters ;  and  verdigris  into  feveral  collyria 
and  unguents* 

ITie  acetic  acid,  or  radical  lincgar^  is  given  as  a  very 
aiStive,  irritating,  and  ftimulating  mediciuc.     It  is  i.Jv! 
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to  the  noftrik  of  perfons  in  fainting-fits.  In  order  that 
it  may  be  the  more  conveniently  made  ofe  of,  a  certain 
quantity  of  this  acid  is  poured  on  fulphate  of  potalh  in  a 
coarfe  powder,  and  put  into  a  clofe*ftopped  phial.  This 
medicine  is  well  known  in  the  world,  under  the  name  of 
fait  of  vinegar. 

Acetic  sther  has  not  yet  been  applied  to  ufe  ;  and  it 
16  not  known  whether  it  poflefles  any  virtues  differeni 
from  thofe  of  the  other  forts  of  aether. 


CHAP. 


CHAP.     XIV. 


Q/*  the  Putrid  Fermentation  of  Vegetables. 


A  LL  vegetable  fubftances  that  have  fuffeted  tne  fpi* 
"^^^  rituous  and  the  acid  fermentation,  are  ftill  liable 
to  undergo  another  inteftine  motion,  which  is  called 
putrid  fermentation.  Stahl  and  feveral  other  chemifts 
think  this  fermehtation  to  be  nothing  but  a  confequen* 
tbl  part  of  the  two  other  fermentations  already  defcri- 
bed ;— or  tather,  that  the  pheenomena  of  all  the  three 
arife  from  one  internal  emotion,  the  tendency  of  which 
is  to  deftroy  the  texture  of  the  folids,  and  to  alter  thcr 
nature  of  the  fluids.  It  is  in  faft  obfenrable,  that  cer* 
tain  vegetable  fubftances  pals,  of  themfelves,  dirough 
three  fucceflive  fermentations.  For  inftance,  all  faccha* 
Hne  matters,  diluted  in  a  certain  quantity  of  water,  and 
and  eJtpofed  to  a  heat  of — ^from  60  to  80  degrees,  afford^ 
firft  wine,  then  vinegar,  and  at  laft  lofe  entirely  their 
charaQer  of  acidity  :  they  are  altered,  become  putrid^ 
lofe  all  their  volatile  principles,  and  are  in  the  end  re« 
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duced  to  a  dry^  infipid,  earthy  fubftance.     It  is  to  be 
obferved^  however,  that  a  great  number  of  vegetable 
fubflances  are  not,  in  any  fenfiblei  manner,  liable  to  pafr 
Aiccef&vely  through  thefe  three  forts  of  fermentation,  in 
the  above-mentioned  order.   Infipid  milcil'ages  and  gums 
difiblved  in  water  pais  into  an  add,  without  becoming 
difcernibly  fplrituous  :  the  glutinous  matter  again  feeiD» 
to  pafs,  all  at  once,,  into  a  ftate  of  putrefaction,  without 
becoming  acid.    It  appears,  then,  that  although  in  fe- 
veral  of  the  principles  of  vegetables,  thefe  three  fermen- 
tations follow  each  other  in  regular  fucceflion,  yet  many 
ef  thofe  principles  are  fufceptible  of  the  two  Eaitter  fpc- 
cies  of  fermentation,  without  having  previoufly  under- 
gone the  former ;  nay,  are  even  liable  to  ptttrefeSiony 
without  becoming  previoufly  acid.     Thofe  of  the  laft 
mentioned  character  partake  of  the  nature  of  animal 
fubflances,  and  accordingly  afford  ammoniac  by  the  ac- 
tion of  fire,  and  azotic  gas  by  the  acid  of  nitre.     It  isii 
confequcnce  of  their  poffeffing  fuch  chara£lerift:ics,  that 
thefe  vegeto-'ctnimal  fiibftances  putrefy  fo  reaxlily. 

Certain  conditions,  well  worthy  of  our  attention,  21: 
rcquilite,  in  order  that  the  intefline  motion  which  chan- 
ges tlic  nature  of  vegetable  matters,  and  reduced  then 
to  their  elementary  principles,  may  take  place.  Humi- 
dity, or  the  prefonce  of  water,  is  one  of  the  moft  indif- 
penfablc  of  thefe  conditions.  Dry  folid  vegetables,  fudi 
m  wood,  fufler  no  akeration  while  they  continue  in  that 
ftatc  ;  but  if  they  be  moiftened,  and  their  fibres  fcpara- 
ted,  an  intefline  motion  then  commences.  Water  ap- 
v>ears,  therefore,  to  be  one  of  the  caufes  of  putrefaftion. 

Kd  when  we  come  to  examine  the  animal  kingdom, 
will  have  occaflon  to  fee>  that  the  intefline  motion 
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with  which  putre&flion  begins  is  owing  to  the  decom- 
pofition  of  that  liquid.  Heat  is  not  lefs  necefTary  to 
putrefaction.  Cold,  or  the  temperature  of  ice,  is  not 
only  adverfe  to  this  fpontaneous  deftrudion  in  fubftances 
which  have  not  yet  begun  to  fuSer  from  it,  but  evea 
retards  its  prdgrefs,  and,  in  fome  meafure^  reverfes  it 
where  it  has  already  begun  to  operate.  The  degree  of 
beat  neceflary  to  putrefaction^  is  much  inferior  to  what 
is  required  for  the  fpirituous  and  the  acid  fermentation ; 
for  putrefaction  takes  place  at  the  temperature  of  45  de* 
grees ;  but  a  more  confiderable  heat  is  (till  more  favour-* 
able ;  at  leaft,  if  it  be  not  fo  violent  as  to  volatilize  all 
the  moifture  of  the  putrefcent  fubftance,  and  render  it 
entirely  dry.  Accefs  of  air  is  another  condition,  fingu* 
larly  &vourable  to  putrefadion ;  for  vegetable  fubftances 
are  very  well  preferved  in  vacuo*  The  contaCt  of  air, 
however,  is  not  fo  indifpenfably  necefTary  to  putrefaction 
as  the  two  other  conditions  already  mentioned;  for 
this  phenomenon  fotnetimes  takes  place  without  its  a£- 
liftance. 

'i'he  putrefaction  of  vegetables  exhibits  peculiar  phx** 
llomena.  Vegetable  fluids,  when  they  putrefy,  become 
turbid^  lofe  their  colour,  and  depofite  various  fediments : 
bubbles  afcend  to  the  furface,  and  mouldinefs  gathers 
over  it  in  the  beginning  of  the  alteration.  Soft  vege« 
table  matters  exhibit  the  fame  phenomena,  on  being 
(imply  wet.  The  emotion  then  produced  is  at  no  time 
fo  confiderable  as  that  which  appears  in  die  cafes  of  fpi- 
rituous and  slcetous  fermentation.  The  putrefying  body 
does  not  appear  to  increafe  in  bulk,  nor  does  its  tempe- 
rature become  higher.  But  the  principal  ph;enomenon 
of  putrefaction  is,  change  of  fmell,  with  the  volatilization 
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of  an  urinous,  pungent,  acrid  principle,-— in  a  wor<!f, 
ammoniac.    From  this  circumftancey  putrefa£Uon  has 
been  called  alkaline  fermentation^  and  ammoniac  confider* 
ed  as  its  product.    The  pungent  fmetl  exhales  by  de- 
grees,  and  is  fucceeded  by  a  naufeous  infipid  inidty 
which  can  fear ce  be  defcribed.    The  decoropofition  has 
now.  attained  its  height :  The  putrid  vegetable  mafr  \t 
become  very  foft,  Kke  a  jelly  ;  it  finks  down,  and  the 
edorous  principle  exhaling  from  it  fuffefs  a  great  many 
fncceffive  modifications.    At  laft  it  becomes  dry,  and 
lofes,  by  degrees,  its  difagreeabte  fmelf ;  and  what  re* 
mains  is  nothing  but  a  btackiih,  and  feemingly  aubona- 
ceous  refidue,  known  by  the  name  of  bumus  KjegetabiRsj 
which  is  found  to  contain  nothing  but  faline  and  eardiy 
fubftances.    Such  is  the  order  of  the  phaenomena  that 
are  fucceiEvely  obferved  in  the  fpontaneous  decompofi- 
tion  of  putrefying  vegetables.     But  this  procefs  of  de- 
compofition,  when  carried  fo  far  as  to  reduce  the  vege- 
table body  to  an  earthy  or  faline  refidue,  is  extremely 
tedious,  and,  we  may  even  add,  has  never  yet  been  ob- 
ferved by  any  perfon  with  fuitable  attention.     Chemilb 
and  naturalifts  have  paid  (till  lefs  attention  to  the  putre- 
faftion  of  vegetable,  than  to  that  of  animal  fubflances. 
No  philofopher  has  hitherto  undertaken  to  obferve  alt 
the  phaenouiena  of  the  putrefaftion  of  vegetables,  but 
many  have  begun  to  defcribe  thofe  which  attend  the  pu- 
trefaction of  animal  matters.     Here,  therefore,  it  ap 
pears  proper  for  us  to  conclude  our  hiftory  of  the  fpon- 
taneous and  natural  decompofition  of  vegetables  with 
the  following  obfervations :   i.  ITie  little  which  we  have 
here  faid  concerning  it  is  fufEcient  to  (how,  that  the 
putrefadion  of  vegetables  attenuates,  volatilizes,  an  J  de- 
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ftroys  all  their  humours,  and  reduces  them  to  an  earthy 
ftate  :  2.  We  have  as  yet  no'certain  knowledge  of  the 
phaenomena  and  the- limits  of  this  fpeciesofputrefadion, 
which  is  to  be  carefully  diflinguiihed  from  the  putrefac- 
tion of  animal  matters  :  3.  Laftly,  As  this  fermentation 
is  much  more  confpicuous,  and  has  been  much  more  at- 
tentively obferved  in  the  humours  and  foiids  of  animals; 
the  more  extenfive  detail  of  particulars  which  we  are  to 
give,  in  our  account  of  animal  fubftances,  will  complete 
the  (ketch  which  we  have  here  marked  out,  and  con- 
clude the  hiftory  of  thofe  fads  that  are  known  concern- 
ing putrefaction. 
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The  Animal  Ki^ygdom. 


CHAP.     L 


Of  the  Chemical  Analyfu  of  Animal  Su^ances  in  p» 

neral  (i). 

IN  the  analylis  of  animal  fubftances,  lire  meet  with 
greater  diiHcuIties  than  in  any  other  part  of  che* 
miftry;  and  our  chemical  kno\eledge  of  thofe  fubftances 
is  accordingly  in  a  more  imperfed  (late  than  any  other 
branch  of  the  fcience.  The  ancient  chemifls  were  con- 
tent  with  diftilHng  them  by  naked  fire;  an  opera- 
tion which  is  at  prefent  known  to  alter  and  totally  de- 
flroy  the  nature  of  fuch  compound  bodies  as  the  folids  or 
fluids  of  animals.    The  only  parts  of  animals  that  have 

yet 
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( I )  In  the  fccond  edition  of  this  Work,  the  animal  kingdom  b^ 
gan  with  a  brief  account  of  the  nature  of  animals,  the  diftio£Uoni  fob* 
ftfting  among  them,  the  methods  requifite  for  marking  out  thofe  dif- 
tindioni  in  Natural  Hiftory,  and  the  Natural  Phtlofoph  j  of  Animals. 
The  mode  of  arrangement  now  adopted  in  thefe  Tolumea,  and  the  little 
connedtion  between  the  natural  defcription  of  animals,  and  the  chemif* 
try  of  animal  matters,  hate  induced  me  to  remove  that  part  into  a  fiitb 
volume*    A. 
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jet  been  fubjeded  to  an  analyfls,  are  fome  of  the  hu- 
mours of  the  human  body,  and  the  humours  of  certain 
quadrupeds. 

Many  circumftances  hare  concurred  to  retard  the 
progrefs  of  this  branch  of  chemiftry.  The  difficulty 
and  difagreeabknefs  attending  refearches  of  this  kind  ; 
the  imperfedion  of  the  chemical  methods  with  which, 
till  within  thefe  few  years,  animal  matters  were  always 
treated,  and  which  conftantly  produced  on  them  great 
alterations  ;  the  impoffibility  which  was  always  found  of 
approaching  near  to  a  reproduction  of  any  animal  mat« 
ter  by  fynthefis  ;  and^  above  all,  the  fmallnefs  q£  thein« 
ducements  which  any  but  medical  chemifts  could  have 
to  engage  in  fuch  refearches ;  are  the  principal  reafons 
which  have  prevented  the  enlargement  of  this  depart** 
ment  of  the  fcience  of  chemiftry.  But  the  refearches 
of  feveral  moderns,  efpecially  of  Meflrs  Rouelle,  Mac- 
quer,  Bucquet,  Poulletier  de  la  Salle,  BerthoUet,  Prouft, 
Scheele,  and  Bergman,  have  here  opened  a  new  tract 
of  difcovery,  and  fliew,  that  the  art  of  healing  may 
derive  the  moil  fignal  advantages  from  refearches  of 
this  kind. 

The  human  body,  and  the  bodies  of  quadrupeds— 
the  principal  animals  which  engage  our  attention— are 
compofed  of  fluids  and  folids.  The  humours  of  animals 
are  divided  into  three  claiTes,  according  to  the  purpofes 
for  which  they  ferve.  The  firft  contains  the  recremen- 
titial  humours,  the  ufe  of  which  is  to  nourUh  certain 
organs:  the  fecond  comprehends  excrementitial  humours, 
which  are  evacuated  by  certain  emun&ories,  as  ufelefs, 
and  even  noxious,  when  retained  too  long  within  the 
body :  the  third  clafs  confiits  of  humours  to  which  the 
I  charadteriftics 
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chatafleriftics  of  both  the  two  former  clafles  belong, 
they  being  partly  recrementitial,  and  partly  excrementi* 
tial.  To  the  firft  clafs  belong  the  bloody  the  lymph, 
the  jelly  or  gelatinous  part,  the  fibroas  or  glutinous 
part,  the  £at,  the  marrow,  the  matter  which  fiipports 
interior  perfpiration,  and  the  oiTeous  juice.  The  fecond 
clafs  confifts  of  the  fluid  which  is  infenfibly  tranfpired 
by  the  pores,  the  fweat,  the  mucus  of  the  noftrils,  the 
cerumen  of  the  ears,  the  gummy  matter  of  the  eyes,  the 
urine,  and  the  fieces.  Thofe  of  the  third  clafs  are,  die 
faliva,  the  tears,  the  bile,  the  pancreatic  juice,  the  gaf- 
trie  and  inteflinal  juices,  the  milk,  and  the  feminal  !!• 
quor.  We  cannot  examine  all  thefe  fluids  in  the  order 
in  which  they  are  here  mentioned  :  i  •  B^caufe  they  art 
fllll  but  very  little  known ;  2,  Becaufe  it  is  abfolutely 
neceflary  that  we  treat  firft  of  fuch  as  have  been  the 
moii  completely  analyfed. 

The  folids  of  animals,  which  form  the  parenchyma 
of  their  different  organs,  may  be  divided  into  three 
claffes.  In  the  firft  of  thefe  claffes  I  rank  the  foft  white 
partS)  fuch  as  the  laminse  of  the  cellular  tiflue,  the  mem- 
branes,  the  membranous  vifcera,  the  aponeurofes,  the 
ligaments,  the  tendons,  and  the  flvin.  The  foft  red 
parts  form  a  fecond  clafs,  very  different  from  the  former  1 
fuch  are,  particularly,  the  mufcle^,  and  a  part  of  the 
organs  which  contain  mufcular  fibres,  as  the  ftomacb, 
the  inteftines,  the  bladder,  the  matrix,  &c.  Laftly, 
the  third  clafs  comprehends  the  offeous  or  bony  folids. 

Animal  matters  are  at  prefent  analyfed  in  a  very 
different  way  from  that  in  which  they  were  analyfed 
a  few  years  fince.  Thpy  are  no  longer  fubjected  to  de- 
compofition  by  fire  j  they  are  now  treated  by  fe-agents, 

particularly 
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particularly  acids,  alkalis,  alcohol,  &c.  The  different 
fluids  intermingled  with  each  other,  or  contained  in  the 
veficles  of  the  different  parts,  are  feparated  by  red,  de« 
cantation,  filtration,  or  exprellion.  The  a&ion  of  thefe 
fubftances  on  colouring  matters  is  examined,  and  the  fe- 
veral  changes  which  they  are  liable  to  fuffer  in  different 
temperatures  are  obferved.  Animal  liquors  are  careful- 
ly evaporated,  and  the  different  {alts  which  they  contain 
extrafted  from  them  unaltered. 

By  thefe  methods  of  analyfis,  modem  chemifts  have 
made  a  number  of  important  difcoveries  concerning  ani- 
mal fubftances.  Scheele  has  found  them  to  contain  fe- 
veral  adds  different  from  thofe  which  were  before 
known.  M.  BerthoUet  has  demonftrated  the  cxiftence 
of  phofphoric  acid,  in  a  naked  ftate,  in  urine  and  fweat ; 
and  has  likewife  found,  in  animal  matters,  a  remarkable 
quantity  of  the  azotic  principle.  This  laft  difcovery  is 
one  of  the  moft  important  fia&s  which  the  analyfis 
of  animal  matters  has  made  known  to  us.  The  exift- 
ence  of  azote  in  thefe  fubftances,  efpecially  in  their  fi- 
brous parts,  accounts  for  the  difference  between  animal 
and  vegetable  matters.  This  body  is  obtained  in  the 
ftate  of  elaftic  fluidity,  or  in  azotic  gas,  by  treating  the 
flefli  of  the  mufcles  with  nitric  acid  :  even  without  the 
operation  of  any  external  heat,  it  is  difengaged  in  a 
pretty  large  proportion :  it  paffes  before  the  nitrous  gas  ; 
and  when  the  nitrous  gas  begins  to  be  difengaged, 
the  operation  ftiould  be  ftopped,  and  the  veffels  chan- 
ged. 

M.  BerthoUet  explains  by  this  difcovery  the  forma- 
tion of  the  ammoniac  which  animal  fubftances  aftbrd, 
when  treated  with  fire,— the  produdion  and  difengage- 
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Hient  of  this  fait  by  putrefaftion,— and  the  relation  be- 
tween thefe  fuUlances  and  vegetable  matters  that  are 
Uable  to  putre&^tion,  and  afford  ammoniac  by  diftilla- 
lion*  It  appears,  in  h&y  that  in  both  thefe  inftances, 
the  ammoQiac  is  formed  by  the  combination  of  hydro* 
gene  with  azote.  I  believe  I  cannot  here  do  better  dian 
give,  in  M.  BerthoIIet's  own  words,  what  he  has  faid 
concerning  the  nature  of  animal  fubflances  in  general, 
in  a  Memoir  read  before  the  Faculty  of  Medicine, 
and  inferted  in  the  Jmipial  dfi  Fbyfime^  vol.  28.  page 
472. 

*^  Organized  bodies  are  chiefly  compo&d  of  two  fub* 
^  ftances,  which  are  diftinguifhed  from  each  other  by 
*^  very  eminent  peculiar  chara&eriftics.  Of  thefe  fub- 
^  ftances,  one  clafs  affords  acids,  when  decompofed  by 
*^  the  a&ion  of  fire. ;  the  other  volatile  alkali  :  The  one 
^  clafs  iorvci%  ardent  fpirit  by  fermentatiou  ;  the  other 
^  immediately  putre&es,  ftili  affording  'Volatile  alkali: 
^  The  one  leaves,  when  calcined;  a  coal  that  burns  ea* 
fiiy  ;  the  other  is  reduced  to  a  coal  which  burns  with 
difficulty :  The  one,  in  fliort,  forms  the  greater  part 
^  of  vegetable,  the  other  of  animal  fubflances ;  and 
*'  hence  they  are  diftinguifhed  by  thefe  two  different  de- 
^  nominations. 

"  M.  Bergman,  by  means  of  fugar  and  the  nitrous  aciJf 
*'  pxoduced  an  acid  which  he  called  the /ac^barine  acidy 
**  poffefling  peculiar  and  remarkable  properties.  On  ap- 
"  {>lying  to  animal  fubftances  this  analyiis  by  nitrous  acid^ 
*'  I  found  that  they  all  afforded  more  or  Xeh/accbarim 
^^  acid,  which  was  always  accompanied  with  a  peculiar 
*'  oil.  I  obferved  that  no  ammoniacal  fait  was  obtained, 
*'  but  a  refidue  remained,  which  vegetable  fubflances  do 
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**  not  afford.  From  thcfe  firft  experiments,  I  concluded, 
**  in  the  Memoirs  of  the  Academy  for  the  year  1780,  that 
^  animal  matters  contained  fome  fubfVance  analogous  to 
**  fugar,  in  combination  with  an  oil  which  I  confidered 
«<  as  peculiar  to  animal  matters.  1  learned  farther  from 
**  my  experiments,  that  volatile  alkali  did  not  exift  in 
*^  animal  fubftances,  but  was  produced  by  fome  com- 
*•  bination,  effected  either  by  the  aftion  of  heat,  or  by 
**  the  influence  of  putrefaftion.  And  laftly.  The  refidue, 
^^  concerning  which  I  did  not  explain  my  fentiments  in 
^^  that  Memoir,  contains  an  excefs  of  phofphoric  acid, 
^*  combined  with  calcareous  earth. 

^^  I  afterwards  examined  the  aflion  of  metallic  calces 
'^  and  falts  on  animal  fubftances,  and  proved,  that  the 
^^  adion  to  which  thefe  owed  their  caufticity  was  a  con- 
^*  fequence  of  the  chemical  affinities  by  which  metallic 
**  calces  tended,  with  more  or  lefs  force,  to  revivication  ; 
•^  the  calces  of  filver  and  mercury,  which  arc  very  eafily 
**  reduced,  having  an  high  degree  of  caufticity,  and 
^  forming  very  cauftic  fahs.  It  follows,  on  applying 
•*  the  late  difcoveries  of  natural  philofophers  to  the  theo- 
"  ry  which  I  have  given,  that  it  is  the  air,  exifting  in  a 
^^  combined  ftate  in  metallic  calces^  and  without  its  prin- 
^^  ciple  of  elafticity,  which  tends  to  unite  with  fome 
principle  in  animal  fubftances ;  which  principle  ap- 
pears to  me  to  be  the  oil  which  they  contain.  But 
the  caufticity  of  alkalis  cannot  be  afcribed  to  the 
*^  fame  caufe  :  it  muft  be  owing  to  fome  other  affini- 
ty. In  the  Memoirs  of  the  Academy  for  the  year 
1782,  I  have  proved  that  cauftic  alkali  diffoives 
^^  animal  fubftances,  without  dividing  their  principles. 
*^  I  have  explained  the  properties  of  this  combination, 

and 
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^<  and  afterwards  employed  it  in  uniting  animal  fd>- 
^^  dances  with  the  different  metallic  calc£s.  Several 
*'  combinations,  not  previoufly  known  to  chenufts,  were 
^'  produced :  But  cauftic  alkali,  treated  in  the  fame 
^'  way  with  vegetable  fubflances,  f(»-med  no  combina- 
**  tion  with  them. 

*'  Purfuing  my  refearches,  I  have  at  length  difcovered 
^^  the  principles  of  volatile  alkalu  I  have  fhown  vdalSi 
*'  alkali  to  be  a  combination  of  detonating  infiammabk 
f^  g;asy  or,  more  accurately,  of  the  inflammable  gas  of 
*^  water  with  pblogi/licaied  or  mephitic  air,  in  fuch  pro- 
portions, that  inflammably  gas  compofes  one  fixth  d 
the  weight,  or  two  thirds  of  the  ^qlk  of  volatile  alkali. 
^^  I  next  afcertained  in  what  manni^r  volatile  alkali  may 
^'  be  produced  by  putrefadion,  or  thea£kion  of  fire.  AH 
^^  fubflances  pofTeffing  the  charaderiftics  of  animal  fub- 
'^  (lances  contain  mephitisj  which  may  be  fepd^rated 
"  from  them  in  abundance,  by  the  operation  of  the 
^^  7iitrotis  jf/^l^Vhen  thofe  fubftances  are  diftilled,  there- 
*'  fore,  their  mephitis  muft  of  neceffity  either  pafs  into 
^'  feme  new  combination,  or  be  found  ampng  their  ac- 
"  riform  products.  But  among  thefe  laft  it  is  never 
*'  found  ;  as  I  fully  afcertained  by  detonizing  irifianiniaHe 
*^  gas  J  obtained  by  this  means,  in  M.  Volta's  eudiome- 
"  tcr,  and  comparing  it  with  inflammable  gas  obtained 
"  by  diftillation  from  charcoal,  and  with  that  of  vcgc- 
"  table  fubflances  ;  and,  after  the  inflammable  gasj  there 
^*  is  none  other  but  the  volatile  alkali  among  the  pro- 
^^  duels  obtained  by  diflillation  from  animal  fubftances, 
*'•  into  the  composition  of  which  the  mephitis  can  poffi- 
*'  bly  be  received.  Confequently,  whenever  volatile^ 
^*  L:li  is  formed,  the  mephitis  of  the  animal  fubftancei 
1  combines 
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H#  combines  with  die  inflammable  gat  feparated  from  the 

*  **  oil,  or  more  probablf  with  that  produced  by  the  dc- 

"  compolition  of  the  water,  whofe  vital  air  combines 

"at  lbs  fame  time  with   charcoal,  to  t'tirm  fired  air ; 

"  in  putrefaction,  the  injlammal/le  gas  combine«  viith  the 

*'  mephitis ;  whereas,  in  the  fpirltuous  fermentation,  the 

"  fame  gas  combines  wiih  a  vegetable  oil  and  fugar  to 

*'  form  fpirit  of  wine,  in  -which  I  have  difcovered  and 

^**  feparated  thefe  fubftances  by  means  of  the  dephh^ijii- 

^hf  eated  marine  add. 

^^  **  From  thefe  fevcral  obfervations,    it    follows,  thai 
^PV  animal  fubftances  are  of  a  much  more  compound  na- 
H?  ture  than  fubflances  purely  vegetable.     They  contain 
,     "'a  matter  analogous  to  fugar,  a  peculiar  oil,  phofpho* 
*'  ric  acid  combined  with  calcareous  earth,  mephitis,  am 
'  *ery  probably  ^xft/  air*     It  is  the  phofphoric  acii 
I**  which  exiils  in  the  coal  of  aniiDal  fubHances,  in 
I**  biaation  with  a  portion  of  real  charcoal,  oil,  and  eart] 
■••  that  appears  to  me  to  occafion  the  difference  obfervt 
l*»  between  the  coals  of  animal  and  thofe  of  vegetabli 
'  fubrtances." 
Such  is  the  accuracy  and  perfpicuity  with  r-'hich 
krthoUet  explains  the  nature  of  animal  fubflances  iit 
jEeneral.     When  thefe  diftinft  fafls  and  fair  deductions 
■re  compared  with  the  vague  notions  which  before  pre- 
■Vailed  concerning  the  difference  between  animal 
I  vegetable    matters,    the    progrefs  which  chemiftry 
■  made  within  thefe  few  years,  by  means  of  the  refearchi 
lof  Swedifh  and    French    chemifts,   cannot  but  appear 
j»nonifliing.    There  is  the  ftrangeft  reafon  to  hope,  that 
■farther  experiments  on  animal  tnaticrs,  upon  the  fame 
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plan  which  has  been  marked  out  and  purfued  by  the  moft 
celebrated  chemifls,  from  Margraff  and  Rouelle  to  the 
prefent  inftant,  will  fupply  a  great  deal  of  valuable  in- 
ibrmation  concerning  tbefe  fubflances  ;  their  formatiooy 
the  alterations  which  they  are  liable  to  undergo,  and 
their  deftrudlion  ;  and  particularly,  may  be  of  the  moft 
efiential  fervice  to  tlie  fcience  of  Medicine*  The  truth 
of  this  aiTertion  will  be  fully  proved,  by  the  account  of 
the  difcoveries  already  made,  and  of  their  application, 
which  we  are  to  exhibit  in  the  following  chapters. 
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Of  the  Blood. 


'"T^HE  mod  Important,  the  mofl  compound,  and  the 
mofl  impenetrable  of  the  recrementitial  humours, 
is  the  blood.  We  treat  of  it  firft,  becaufe  the  greatefl: 
phyficians  maintain  it  to  be  the  fource  and  centre  of  all 
the  other  animal  fluids.  Many  phyficians,  efpecially  M« 
Bordeu,  have  confidered  it  as  a  fort  of  fluid  flefli,  a 
compound  of  all  the  animal  humours  :  an  opinion,  which, 
though  highly  probable,  has  not  been  yet  fully  demon- 
(Irated. 

The  blood  is  a  fluid  of  a  beautiful  red  colour,  of  a 
fat,  un&uous,  and,  as  it  were,  a  faponaceous  confident 
cy ;  of  a  tafte  fomewhat  faline,  but  almofl  infipid  ;  and 

contained  in  the  heart,  arteries,  and  veins.    This  fluid 

» 

is  differently  modified  by  the  different  parts  through 
which  it  flows  :  For  inflance,  in  the  arteries  and  veins^ 
in  the  bread,  and  the  region  of  the  liver,  in  the  mufcles 
and  the  glands,  &c.  it  is  not  the  lame.  Tbb.fii&lw 
not  fufficie^tly  engaged  the  attention  of  OM 
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In  confidering  the  blood  as  it  exifts  through  the 
vhole  animal  kingdom,  we  obferve,  that  in  different 
animals  it  is  Angularly  diverfified  in  colour,  confiftency, 
fmell,  and  efpecially  temperature.  The  lad  i^  the  mod 
important  of  all  thefe  properties,  and  feems  to  depend 
on  the  circulation  and  the  refpiration.  The  human 
blood,  and  that  of  quadrupeds  and  birds,  is  hotter  than 
the  medium  which  they  inhabit ;  and,  for  this  reafoD, 
jthefe  are  called  hot-blooded  animals.  The  blood  of  fiihes 
and  reptiles,  agein,  is  nearly  of  the  fame  temperature 
with  the  medium  which  they  inhabit ;  and  thefe  are,  for 
this  reafon,  called  cold-blooded  animals.  Other  proper- 
ties  of  this  fluid,  efpecially  its  chemical  qualities  or  cba- 
rafteriftics,  would  probably  be  found,  if  we  were  ac- 
quainted with  the  blood  of  all  animals,  to  be  fubjed  to 
the  fame  variations. 

The  human  blood,  which  more  efpecially  engages  our 
attention,  is  differently  modified  by  the  age,  the  fex,  the 
temperament,  and  the  (late  of  the  health,  of  each  indi- 
vidujiK  In  infants,  the  feihale  fex,  and  phlegmatic  pcr- 
fons,  it  is  paler  and  thinner.  In  rcbufl  and  healthy 
perfons,  it  is  thick,  of  a  deep  red  colour,  almoft  blacki 
and  of  a  much  more  faline  tafte  than  in  the  former. 

Before  proceeding  to  an  analyfis  of  the  blood,  it  is 
neceffary  that  we  get  acquainted  with  its  phyfical  pro- 
perties — its  colour,  heat,  tafle,  fmell,  and  peculiar  cob- 
fiftency — of  which  wc  have  already  taken  notice.  Bf 
the  microfcope  we  difcover  in  it  a  great  many  globules, 
which,  according  to  Lieuwenhoek  and  Boerhaave,  vhea 
broken  in  circulating  through  the  fmaller  paffages,  loTe 
their  red  colour,  and  become  firft  yellow,  and  tbcn 
white ;  fo  that,  according  to  the  phyfician  of  LeydcD, 
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a  red  globule  is  an  afTemblage  of  other  fmaller  white 
globules,  and  owes  its  colour  to  its  aggregation.  There 
4S  another  iingular  property  belonging  to  the  blood. 
While  hot  and  in  amotion,  it  continues  fluid  and  red  : 
When  cooled  and  at  reft/ it  becomes  a  folid  mafs,  which, 
by  degrees,  feparates  into  two  parts  ;  the  one  red  and 
fupematant,  its  colour  dark,  and  its  confi^ency  concrete, 
till  fuch  time  as  it  fuffer  an  alteration  j — this  is  called 
the  clot  of  rbe  blood :  the  other  occupies  the  bottom  of 
the  veflel,  and  is  of  a  greenifh  yellow  colour,  and  adhe- 
live ; — it  is  called  the  ferum  or  lymph*  This  fponta- 
fieous  coagulation  and  reparation  of  the  two  parts  of  the 
bicod  takes  place  in  the  laft  moments  of  an  animal's 
life;  and  produces  thofe  concrete  matters  which  are 
found  in  the  hfeart,  and  the  larger  ydTels  of  deceafed  ani- 
mals, and  have  been  miflaken  for  polypi. 

Blood,  expofed  to  a  gentle  and  continued  heat,  pafles 
into  the  ftate  of  putrid  fermentation.  When  diftilled 
on  a  water-bath,  it  aflFords  a  phlegm  of  a  faint  fmell, 
which  is  neither  acid  nor  alkaline,  but  eafily  putrefies, 
in  confequence  of  its  containing  an  animal  fubftance 
diflblved  through  it.  Expofed  to  a  more  intenfe  heat, 
blood,  as  has  been  difcovered  by  De  Haen,  gradually 
coagulates  and  becomes  dry  :  it  then  lofes  feven-eighths 
of  its  weight,  and  becomes  capable  of  effervefcence  with 
acids.  By  conducting  the  fire  properly,  it  may  be  har- 
dened into  a  fort  of  corneous  fubftance.  Deficcated 
blood,  expofed, to  the  open  air,  attrads  from  it  feme  de- 
gree of  moiftur^,  and,  in  the  courfe  of  a  few  months, 
there  is  formed  on  it  a  faiine  efflorefcence,  which  Rouelle 
has  determined  to  be  carbonate  of  fcda.  When  diftilled 
by  naked  f^re,  it  affords  a  faiine  phlegm,— ^that  is,  a 
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phlegm  holding  in  folution  an  aofimoniacll  fak,  fuper- 
faturated  with  ammoniac.  The  nature  of  the  empyrea* 
matic  acid  contained  in  this  ammoniacal  fait,  which  was 
firft  obferred  by  WieulTeiis,  and  has  given  rife  to  fo  many 
difputes  among  phyfiologifts,  has  never  yet  been  fuffi- 
^iently  examined.  After  this  phlegm,  a  light  oil  paffis, 
><--then  a  ponderous  coloured  oil,  and  ammoniacal  car- 
bonate contaminated  with  a  thick  oil.  There  remains 
in  the  retort  a  fpungy  coal,  very  difficult  to  be  incine- 
rated, which  is  found  to  contain  muriate  of  foda,  car- 
bonate of  foda,  oxide  of  iron,  and  la  matter  apparendj 
earthy,  which  feems  to  be  calcareous  phofphatc. 

Blood,  when  burnt  in  a  crucible,  affords  feveral  pro- 
dufls,  in  the  following  order,  i.  Water  and  a  little  am- 
moniac :  2.  Oil  and  carbonate  of  ammoniac,  which 
Torms  a  yellowiih  vapour,  thicker  than  the  former: 
3.  Pruffic  acid,  which  is  eafily  diftinguifhed  by  its  foetid 
fmell  of  peach-flowers  :  4.  Phofphoric  acid,  which  is  form- 
ed by  the  combuftion  of  phofphorus,  and  is  not  difen- 
gaged  till  the  blood  be  reduced  to  a  coal:  5.  Carbo- 
nate of  foda,  which  is  volatilized  at  an  intenfe  heat : 
6.  After  this  there  remains  in  the  crucible  only  a  black- 
ifli,  granulated,  cryftallized  oxide  of  ircm,  mixed  vitb 
calcareous  phofphate. 

Blood  combined  with  alkalis,  without  previous  decom- 
pofition,  becomes  more  fluid  by  Handing.  Acids  in- 
llantaneoufly  coagulate  it,  and  alter  its  colour.  Br 
filtrating  this  fubftance,  evaporating  the  liquor  paflfed 
through  the  filter,  drying  it  before  a  moderate  fire,  and 
lixiviating  the  matter  that  has  been  dried,  neutral  &I» 
are  obtained,  confifting  of  foda,  with  the.  acid  that  was 
mixed  with  the  blood.     Alcchol  ccagulat^s  blood. 

1  »■ 
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If  entire  blood,  mixed  with  a  fourth  part  of  its  weight 
of  water,  be  coagulated  by  heat,  and  if  a  part  of  the  fluid 
that  fwims  above  the  coagulated  portion  be  evaporated^ 
a  fubftaoce  of  a  brown  yellow  is  obtained,  which  is  eaii« 
ly  diflinguiihed  to  be  true  bile.  This  difcovery,  which 
was  made  in  1790,  confirms  the  opinion  of  the  ancients^ 
who  confidered  bile  as  a  conftituent  part  of  Blood. 

Experiments  made  on  blood  in  its  original  (late,  do 
not  difcover  the  nature  of  the  fubftances  of  which  it  con- 
lifts.  But  the  fpontaneous  decompofition  of  blood,  and 
the  feparation  of  its  two  component  parts,  the  clot  and 
the  ferum,  afford  us  an  opportunity  of  acquiring  that 
knowledge  by  examining  each  of  thefe  matters  by  itfelf^ 
Till  within  thefe  few  years^  the  chemical  analyfis  of  the 
blood  was  confined  to  what  has  been  related  in  the  fore* 
going  pages  ;  but  Meffrs  Menghini,  Rouelle  the  younger^ 
and  Bucquet,  have  examined  this  fluid  in  a  very  differ- 
ent manner.  The  two  laft  of  thefe  chemifts  efpecjally 
have  conduced  their  experiments  on  this  matter  in  a; 
way  which  (hews  to  what  perfedion  the  anafyfis  of  ani- 
mal matters  may  be  carried,  by  proceeding  on  their 
plan.  The  following  account  of  the  properties  of  the 
feveral  fubftances  which  compofe  the  blood,  is  derived 
from  the  difcoveries  of  thofe  philofophers^  and  from 
thofe  which  I  have  made  myfelf. 

The  ferum  is  very  far  from  being  pure  water,  but  a 
peculiar  matter,  highly  worthy  of  examination,  to  which 
we  give  the  name  of  the  albuminous  Jluid.  It  is  of  a 
yellpwifh  white  colour,  fomewhat  inclining  to  green ;  its 
tafte  is  faltifh,  but  nearly  infipid ;  its  confiftency  unc- 
f uous  and  adhefive.  When  expofed  to  the  action  of  fire^ 
it  coagulates  and  becomes  hard,  long  before  it  can  be 
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heated  to  ebullition  :  it  communicates  a  green  tinge  to 
fyrup  of  violets.  By  did  illation  on  a  water-bath,  it  af- 
fords a  phlegm  of  a  mild  infipid  tafte^  which  is  neither 
acid  nor  alkaline,  but  fpeedily  putrefies.  ^Aftcr  lofing 
this  phlegm,  it  is  dry,  hard,  and  tranfparent  like  horn: 
it  is  no  longer  foluble  in  water  :'  by  diftillation  in  a  re- 
tort, it  affbrdt  an  alkaline  phlegm,  a  confiderable  qoan* 
tity  of  ammoniacal  carbonate,  and  a  very  foetid  thick 
ml.  All  thefe  produ^9,  in  genera),  have  a  peculiar 
foetid  fmell.  The  coal  of  theferum,  when  difliUedby 
naked  fire^  almoft  entirely  fills  the  retort.  It  h  fo  dif- 
ficult to  incinerate,  that  it  mud  be  kept  burning  for  fe« 
veral  hours,  and  expofed  to  a  great  deal  of  frefh  air,  be- 
fore it  can  be  reduced  to  afhes.  The  afhes  are  of  a 
blackifh  grey  colour,  and  contain  muriate  and  carbonate 
of  foda,  with  calcareous  phofphate. 

The  ferum,  if  expofed  for  fome  time  to  an  hot  tern* 
peratutc,  in  an  open  veffel,  paifes  readily  into  a  ftate  of 
putrefaclion,  and  then  affords  a  confiderable  quantity  of 
ammoniacal  carbonate,  with  an  oil,  the  fmell  of  which 
is  infufferably  nauf^ous.  It  putrefies  fo  fpeedily,  that 
Kucquet  could  not  difcover  whether  it  pafTed  into  an 
acid  ftate  before  becoming  alkaline.  ITiis  liquor  com- 
bines with  water  in  any  proportion  ;  and  then  it  lofes  its 
coniiftency,  its  tafte,  and  its  grcenifh  colour.  To  pro- 
mote the  combination,  the  mixture  needs  to  be  fhakcn> 
becaufe  the  difference  between  the  denfities  of  the  two 
fluids  obftrufts  their  union.  The  ferum,  \5-hen  poured 
into  boiling  water,  coagulates,  almoft  wholly,  inftanta- 
ncoufly.  A  portion  of  this  fluid  forms,  with  the  water,  a 
fort  of  opaque  and  milky  white  liquor ;  which,  accord* 
ing  tp  Bucquetj  poffefles  all  the  charaQeriftic  properties 
a  cf 
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tf  milk ;  that  is^  1^  rarefied,  and  caufed  ta  mount  up^ 
like  that  fluid,  by  heat,  and  is  coagulated  by  the  fame 
agents — by  acids,  and  by  alcohol. 

The  ferum  or  albuminous  fluid  poflefles  the  property 
of  fixing  and  rendering  folid  by  heat,  two  or  three  times 
Its  weight  of  water.  When  feven  or  eight  parts  of  wa- 
ter are  added  to  one  of  ferum,  then  the  aUmmen  is  not 
coagulated  by  heat^  The  caufe  of  this  fingular  proper- 
ty, of  coagulating  by  heat,  which  the  ferum  of  the  blood 
poflefles,  has  hitherto  eluded  the  refearches  of  philt^o- 
phers.  I  imagine  it  to  be  owing  to  the  combination  of 
oicigene,  aflifted  by  heat,  as  it  is  in  all  other  fubftances ; 
fmce  a  metallic  oxide  mixed  with  ferum  thickens  it^ 
whilft  itfelf  pafles  into  a  metallic  ilate.  Befides,  all  the 
fa£ls  relative  to  the  coagulation  of  the  albuminous  mat- 
ter prove,  that  the  more  air  this  fubftance  contains,  the 
more  of  it  it  has  abforbed,  and  the  more  fpeedily  it 
coagulates  by  fire,  fa  much  the  more  folid  does  it  be-* 
come  by  this  agent. 

Alkalis  render  the  ferum  more  fluid  by  eflfe^ing  a  forf 
of  folution  of  it.  Acids  alter  it  in  a  different  manner, 
increafing  its  confiftency,  and  coagulating  it.  This  mix* 
ture,  filtrated,  and  evaporated  after  filtration,  affords  a 
neutral  fait  formed  of  foda  and  the  acid  employed :  And 
this  h&  proves  foda  to  exifl  in  the  ferum  in  a  naked 
ftate,  in  full  poiTeffion  of  all  its  properties.  The  coagu** 
lum  formed  in  this  liquor  by  the  addition  of  an  acid,  is 
very  fpeedily  diffolved  in  ammoniac,  which  is  the  gc* 
nuine  folvent  of  the  albuminous  part  of  the  blood ;  but 
it  does  not  difToIve  at  all  in  pure  water.  Acids  precipi^ 
tate  this  matter  in  union  with  ammoniac.  The  coagu-* 
lum,  diftilled  by  naked  fire,  affords  the  fame  produ£t^  as 
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thfi  fenim  deficcated ;  and  its  carboniiceoos  reHdae  coil- 
tains  a  good  deal  of  carbonate  of  ibda  ;-^a  drcumftance 
ivbich,  in  Bucquet's  opinion,  (hews,  that  there  exifls  a 
portion  of  this  ialt  in  a  (late  of  intimatec  ombination, 
in  the  ferum,  vhich  the  acid  employed  to  coagulate  it 
does  not  faturate. 

The  ferum,  infpiflated,  affords  azotic  gas  by  the  adion 
of  the  nitric  acid,  with  the  help  of  a  moderate  heat.  On 
increafing  the  fire,  there  is  a  quantity  of  nitrous  gas  dif- 
xiigaged  from  the  mixture :  the  refidue  affords  oxalic 
acid»  and  even  a  fmall  quantity  of  malic  acid. 

The  formation  and  difengagement  of  the  PruiEc  acid 
by  ferum  and  the  nitric  acid,  is  a  difcovery  which  fur- 
niflies  a  fimpler  and  more  oeconomical  procefs  than  that 
of  Scheele'Sy  for  obtaining  this  acid  pure. 

The  ferum  does  not  decompofe  calcareous  or  alumi- 
nous neutral  (alts ;  but  it  ads  with  fuffident  energy  in 
decompofing  metallic  falts.  It  is  liable  to  be  coagulated 
by  alcohol :  this  coagulum  differs  confiderably  from  that 
formed  in  the  ferum  by  acids,  chiefly  in  its  folubility 
in  water,  as  Bucquet  has  difcovered.  This  liquid  ap- 
pears, therefore,  from  thefe  refearches,  to  be  an  ani- 
mal mucilage,  confiding  of  water,  addifiable  oily  bafes, 
muriate  and  carbonate  of  foda,  with  calcareous  phof- 
phate  :  The  rofe-coloured  precipitate  which  I  have  ob- 
tained by  pouring  a  portion  of  a  nitric  folution  of  mer- 
cury into  tlve  ferum,  appears  to  be  owing  to  the  lat^ 
t^r  of  thefe  principles.  Although  the  liquid  has  fcarce 
any  colour,  yet  nitric  acid,  and  dill  more  nitrate  of 
mercury,  produces,  when  poured  into  it,  a  rofe  or 
light  flefh-colour,  which  I  have  had  occafion  to  obferve 
in  many  othcr^animal  liquors.  The  mofl  lingular  pro- 
perty 
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pcrty  of  this  mucilage, — a  property  highly  worthy  of 
engaging  the  attention  of  phyficians,— -is,  its  being 
liable  to  become  concrete  by  the  adion  of  fire  and 
acids.  Scbeele  thought  this  pbarnomenon  owing  to 
the  combination  of  heat.  Its  true  caufe  has  .been  ta- 
ken notice  of  above. 

The  clot  of  the  blood  affords,  by  expofure  to  the  heat 
of  a  water-batht  an  infipid  water ;  it  becomes,  at  the 
fame  time,  dry  and  brittle.  It  afibrds,  in  the  re- 
tort, an  alkaline  phlegm,  a  thick  oil,  of  a  foetid,  em* 
pyreumatic  fmell,  and  a  good  deal  of  ammoniacal  car- 
bonate. The  reiidue  which  it  leaves,  is  a  fpongy  coal, 
of  a  fparkling  metallic  afped,  difficult  to  incinerate, 
and  affording,  when  treated  with  fulphuric  acid,  fulphate 
of  foda  and  fulphate  of  iron  :  there  remains,  after  thefe 
operations,  a  mixture  of  calcareous  phofphate  with  car- 
bonaceous matter.  Expofed  to  an  hot  atmofpbere,  the 
clot  putrefies  readily  enough.  When  waflied  with  wa- 
ter, this  fluid  feparates  it  into  two  very  diftin£t  matters ; 
the  one  it  diffolves,  deriving  from  it  a  red  colour.  The 
folution,  treated  with  different  menftrua,  exhibits  all 
the  fame  charaderiiUcs  with  the  ferum,  but  is  found  to 
contain  much  more  iron.  The  metal  is  feparated  by 
incineration,  and  by  wafliing  the  incinerated  coal,  in 
order  to  carry  off  the  faline  matters.  The  remaining 
part  of  the  lixivium,  after  the  faline  matters  are  carried 
off,  is  in  the  (late  of  oxide  of  iron,  of  a  brown  colour, 
of  <:on(iderable  beauty.  It  is  ufually  fubjed  to  the  at- 
traction of  the  magnet.  Blood  is  thought  to  owe  its 
colour  to  this  metal.  A  very  confiderable  proportion  of 
iron  has  been  extraded  from  this  fluid  by  Meffrs  Men- 
gfaini,  Roucllc,  and  Bucqutt. 
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The  doty  a^ter  being  wafhed  and  cleared  from  alt 
the  red  ferum  which  it  contains,  is  in  the  ftate  of  t 
fibrous  white  matter ;  which  it  remains  for  us  to  eza>* 
mine. 

The  fibroils  part  of  the  blood  is  white  and  colour- 
lefs,  after  being  well  waihed:  its  tafte  is  infipid.  It 
affords,  by  dift illation  on  a  water-bath,  an  infipid 
phlegm,  without  fmell,  and  liable  to  putrefa£tion.  Etca 
the  gentled  heat  hardens  this  fibrous  matter  in  a  fingn*' 
lar  manner.  When  expofed  fuddenly  to  a  ftrong  fire, 
it  ihrinks  like  parchment.  By  diftillation  in  a  retort, 
it  affords  an  ammoniacal  phlegm,  a  ponderous  oil, 
which  is  thick  and  very  foetid,  and  a  good  deal  of 
ammoniacal  carbonate,  contaminated  wit^  a  portion  of 
oil.  The  refidual  coal  is  not  very  bulky,  but  compad, 
ponderous,  and  eafier  incinerated  than  tha^tf  the  fe* 
tum.  Its  afhes  are  very  white :  it  contains  no  faline 
matter,  as  it  muft  have  loft,  by  the  waihing,  whatever 
it  contained  of  that  kind, — and  no  iron  :  it  is  a  fort  d 
refidue  of  an  earfliy  appearance^  and  feemingly  cala* 
reous  phofphate. 

The  fibrous  part  of*  the  blood  putrefies  very  quickly, 
and  with  great  facility.  When  expofed  to  an  hot  moift 
atmofphere,  it  fwells,  and  affords  a  good  deal  of.  am- 
moniac. '  It  i^  not  foluble  in  water  :  when  boiled'in  that 
fluid,  it  becomes  hard,  and  acquires  a  grey  colour. 
Alkalis  do  not  diffolve  it ;  but  even  the  weakeft  acids 
combine  with  it :  The  nitric  acid  difengages  from  it  a 
confiderable  quantity  of  azotic  gas,  as  we  are  told  by 
M.  Berthollet :  (I  have  likewife  difcovered,  that  the 
3Pruflic  acid  is  formed,  which  is  difengaged  in  vapour;) 
*nd   at  length  difiblves  it  with  effervefcence,  and  the 

difcngagemeni 


,  The  Bloods  472 

dlfengagement  of  nitreus  gas.  When  it  ceafes  to  emit 
nitrous  gas,  the  reiidue  is  obferved  to  contain  oily 
and  faline  flakes,  fwimming  in  a  yellowifh  liquor  ;  This 
liquor  affords,  by  evaporation,  oxalic  acid  in  cryftals ; 
and,  at  the  fame  time^  depofites  no  inconfiderable 
quantity  of  flakes,  compofed  of  a  peculiar  oil,  and  cal- 
careous phofphace.  It  appears  that  hydro^ene,  carbonc^ 
and  azote,  which  conftitute  the  fibrous  fubftance,  are 
feparated  in  different  proportions,  to  combine  with  the 
oxigene  of  the  nitric  acid,  and  thus  form  the  Pruflic 
and  carbonic  acids  that  are  difengaged  in  gas,  and  the 
oxalic  and  malic  acids,  that  remain  in  folution,  and  are 
feparated  only  by  crydallization. 

The  fibrous  matter  diffolves  alfo  in  the  muriatic  acid, 
which  converts  it  into  a  fort  of  green  jelly*  The  acid 
of  vinegar  diffolves  it  with  the  help  of  heat :  Water, 
and  efpecially  alkalis,  precipitate  this  fibrous  matter 
from  acids.  This  animal  matter  is  decompofed  in  thefe 
combinations  ;  and  when  feparated,  by  whatever  means, 
from  acids,  no  longer  exhibits  the  fame  properties. 
Neutral  falts,  and  other  mineral  matters,  are  incapable 
of  acting  upon  it*  It  unites  with  the  albuminous  mat- 
ter,  efpecially  with  that  which  is  coloured,  to  form  clot. 
This  laft  fubftance,  as  well  as  the  fibrous  part,  is  total- 
ly foluble  in  acids  ;  on  account,  no  doubt,  of  the  com- 
bination of  this  matter  with  the  red  ferum.  From  thi< 
it  appears,  that  the  fibrous  part  differs  greatly  from  the 
albuminous  matter.  It  is  more  of  an  animal  nature  than 
that  matter,  being  a  fort  of  animal  gluten,  bearing  no 
fmall  refemblance  to  that  of  farina,  and  poffefling  the 
remarkable  property  of  becoming  concrete  by  rell  and 
cooling.      There  is  no  doubt  that  this  matter,  which 
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bas  not  been  fufficiently  attended  to  by  phyfiologiiis 
and  pathologifts,  a£ks  an  important  part  in  the  animal 
oeconomy.  I  have  a  confid^able  time  fince  obferved, 
that  it  is  depofited  in  the  mofcles,  and  conftitutes  the 
fibrous  bafe  of  thofe  organs,  and  that  fubftance  whicb 
is  mod  eminently  irritable^  I  hare  concluded  this  fab« 
ilance  to  merit  more  attention  thaii  it  has  yet  obtained, 
and  have  coniJdered  it  as  capable  of  occafloning,  by  its 
f xcefs  or  deficiency,  certain  difeafes  :  And  I  have  giren 
my  reafons  for  entertaining  fuch  opinions,  in  a  Memoir 
which  is  inferted  among  the  Memoiri  of  the  Royal  So- 
ciety of  Medicine  for  the  year  1783,  &c*  It  appears  that 
the  peculiar  acid  which  the  blood  affords  by  diflillation, 
and  which  M.  ChaufCer  has  obtained  from  it  by  the  ac- 
tion of  alcohol,  exifts  in  the  fibrous  part  of  its  fubftance. 
For  this  rcafon,  I  have  propofed  to  call  it  the  crucrlc 
iicfdj  if  it  (houid  ever  be  determined  to  be  a  peculiar 
animal  acid. 

After  all  thefe  ingenious  difcoveries  concerning  the 
nature  of  the  blood,  we  are  yet  far  from  being  fuffi- 
ciently acquainted  with  all  its  chemical  properties.  We 
are  yet  ignorant  of  the  minute  difference  which  fubfifts 
between  the  ferum  and  the  fibrous  part.  The  blood 
has  not  yet  been  examined  in  all  its  various  dates  ;  par- 
ticularly in  different  difeafes,  in  which  that  fluid  fuffers 
confiderable  alterations,  fuch  as  violent  inflammations, 
the  chlorofis,  fcurvy,  &c.  Phyficians  diftinguifli  thefe 
alta-ations  only  by  external  appearances ;  and  it  is 
much  to  be  wiflied  that  accurate  analyfes  fhould  deter- 
mine their  nature,- in  fuch  a  manner  as  to  afford  a  bet- 
ter diredion  to  thepraftitioner  in  the  art  of  healing. 

I  have  found  the  blood  of  a  human  foetus  to  differ  in 
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(hree'remarkable  particulars  from  that  of  an  adult.  It  con- 
tained qp  fibrous  fubflaoce,  flridly  fpeaking,  \)\xt  a  fort 
of  gelatinous  matter  :  it  did  not  take  a  bright  colour 
iirom  the  coataft  of  air  y  nor  did  it  a£ford  any  marks  of 
phofphoric  acid. 

iloiielle  has  examined  the  blood  of  various  quadru- 
peds,  the  ox,  the  horfe,  the  calf,  the  (heep,  the  hog,  the 
afs,  and  the  goat.  He  obtained  from  them  the  fame 
prpdu^U  which  the  human  blood  affords,  but  in  different 
pFoportiont;. 
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Of  the  Milk, 


THE  milk  is  a  recrementidal  humour,  defigned  by 
Nature  for  the  nourifhment  of  the  young  of  ani- 
mals in  the  firft  period  of  their  exiftence.  It  is  of  a 
dead  white  colour,  a  mild  faccharine  tafte,  and  a  fmell 
faintly  aromatic.  The  female  of  the  human  fpecies,  fe- 
male  quadrupeds,  and  cetaceous  animals  of  the  fame 
fpecieSy  are  the  only  animals  that  aSbrd  milk.  No  other 
animal  is  furnifhed  with  organs  for  the  fecretion  of  this 
bumonr.  It  was  long  thought,  that  the  milk  was  imme« 
diately  fipparated,  by  glands  in  the  breaft,  from  the  blood 
conveyed  into  them  by  the  numerous  arteries  which 
meet  there.  But  the  principles  of  which  milk  is  known 
to  confift,  have  not  been  hitherto  proved  to  exift  in  the 
blood  :  and  late  difcoveries  in  anatomy  have  fhewn,  that 
the  breads  arc  furnifhed  with  a  great  many  lymphatic 
and  abforbent  veffels,   difpofed  in  a  fatty  tiflue;  and 

the 


the  (iqnor  which  thefe  contain  is  perhaps  one  of  the 
chief  conftituent  principle^  of  milk. 

Milk  is  very  different  in  different  animals.  Ill  woman 
it  is  highly  faccharine.  Cows  milk  is  mild,  and  its  prin« 
ci^es  are  intimately  united.  The  milk  of  the  goat  and 
the  afs  poffeffes  peculiar  virtues,  and  is  often  gently 
allrmgenn  The  properties  of  milk  are  Kable  to  vary, 
as  they  commonly  depend  on  die  nature  of  the  food  with 
tirhich  aniitials  are  tiourifliedi 

Cows  milk^  which  we  may  take  as  an  inftatice,  as  it  h 
fo  eafily  procured,  is  a  compound  of  three  different  fub- 
fiances ;  ferum  or  whey,  which  is  fluid  and  tranfparent ; 
butter  and  cheefe,  which  have  more  cohfiftency.  Thefe 
three  parts  lu-e  fo  mixed  and  fufpended,  as  to  form  a  fort 
erf*  animal  emulfion* 

Miik,  diftilled  by  the  heat  of  a  water-bath,  affords  an 
flifipid  inodorous  phlegm,  fufceptible  of  putrefaction. 
Expofed  to  a  heat  fdmewhat  ftronger,  it  coagulates 
like  blood,  as  has  been  obferved  by  Bucquet.  Wheii 
fiirred  and  evaporated  llowly,  it  forms  a  fort  of  fac- 
diarine  extraft,  known  by  the  name  of  francbipane. 
This  extrad^  diffolved  in  waier^  forms  Hoffmanns  whey. 
Diftilled  by  naked  fire,  it  afibrds  acid,  fluid  oil^  con- 
crete oil,  and  ammoniacal  carbonate.  Its  refidual  coal 
contains  a  little  potafh,  muriate  of  potafh,  and  calca« 
reous  phofphate* 

Milk,  expofed  to  an  hot  temperature,  is  liable  to 
pals  into  a  ftate  of  fpirituous  fermentation,  in  which  it 
forms  a  fort  of  wine ;  but  a  confiderable  quantity  of  it 
muft  be  together,  in  order  that  this  alteration  may  take 
place.  The  Tartars  prepare  a  fpirituous  liquor  from 
mare's  milk*    The  milk  becomes  quickly  add,  and  then 
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coagulates.    The  cheefe  gathers  Into  a  mafs,  leaving  tlie 

■ 

whey  feparate. 

WTien  heated  pretty  ftronglv,  milk  experiences  a 
fingular  thickening :  it  fwells,  forms  a  pellicle  at  its 
furface,  which  is  renewed  as  fait  as  it  is  removed^  until 
the  whole  of  the  cafeous  fubftance  be  feparated.  Meflrs 
Parmentier  an^  Deyeux  have  afcertained  it  to  be  the 
cafeous  part  which  forms  thefe  pellicles. 

Acids  have  inftantaneoilfly  the  fame  effed  on  milk. 
They  coagulate  it ;  this  coagulum  is  again  difiblved  by 
alkalis,  efpecially  by  ammoniac.  Boerhaave  afets, 
that  milk  boiled  with  oil  of  tartar  becomes  firft  yellow, 
and  takes  afterwards  a  blood-red  colour.  He  is  even 
of  opinion,  that  it  is  by  fome  fuch  combination  milk 
is  converted  In  the  human  body  into  the  ftate  of  real 
blood.  Neutral  falts,  fugar,  and  gum,  likewife  coagu* 
late  milk,  with  the  help  of  heat,  as  has  beea  obfened 
by  Scheele. 

To  make  whey,  milk  muft  be  warmed  with  an  addi- 
tion of  rennet,  in  the  proportion  of  twelve  or  fifteen 
grains  to  the  pint.  This  fubftance,  being  a  mixture  of 
milk  fourcd  in  the  flomachs  of  calves,  with  the  gafiric 
juice,  is  a  fermenting  fubftance  which  coagulates  the 
cafeous  part.  After  this  coagulation  is  effedled,  the 
whey  is  ftraincd  from  the  curds.  The  flowers  of  thiftles, 
'and  artichokes,  a6t  on  milk  in  the  fame  way  as  rennet. 

As  to  gallium,,  though  it  has  got  the  name  of  milk- 
curdler,  it  does  not  pofTefs  that  property,  according  to 
the  obfcrvations  of  MefTrs  Deyeux  and  Parmentier. 
The  external  membrane  of  ytbe  ftomachs  of  calres 
and  birds,  when  dried  and  reduced  to  powder,  pro- 
duces the  fame  effect  on  milk :  a  fa£t:  which  proves, 
a.  dot 
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that  the  coagulation  of  this  liquor  is  owing  to  tht 
dried  gaftric  juice  contained  iii  the  pores  of  that  mem- 
brane. 

The  ferum  or  whey,  prepared  in  this  way,  is  turbid ; 
it  may  be  clarified  with  white  of  eggs  and  tartar.  When 
the  ferum  or  whey  is  wanted  very  pure,  in  order  to  b^ 
examined,  no  acidulous  tartarite  of  potafii  fhould  be  in^ 
termiiLed  with  it. 

Whey  has  a  mild  tafte.  When  prepared  from  new 
milk,  it  contains  a  faccharine  eflential  fait ;  but  it  foon 
acquires  a  four  tafte,  in  confequence  of  that  fermenta- 
tion  which  takes  place  in  it.  This  emotion  is  produced 
by  the  alteration  of  a  mucilaginous  principle  contain- 
ed in  milk ;  and  it  is  the  extrication  of  this  acid  front 
a  latent  ftate  which  feparates  the  whey  from  the  othet 
principles  of  which  milk  confifts.  It  will  therefore 
be  proper  to  examine  the  nature  of  the  acid  which 
is  formed  in  four  milk,  and  conftitutes  fermented 
whey* 

It  is  well  known,  that  milk  left  td  itfelf,  at  a  temped 
rature  of  feventy  or  eighty  degrees,  fuffers,  in  the  fpace 
of  a  few  days,  a  fermentation,  which  developes  an  acid| 
and  feparates  the  butter  and  cheefe.  The  acid  which  i^ 
formed  by  this  fermentation,  and  acquires,  in  the  fpacd 
of  twelve  or  fifteen  days,  all  the  (Irength  of  which  it  is 
capable,  has  been  examined  by  Scheete  s  We  call  it  th^ 
/a^ic  acid.  The  following  is  the  procefs  by  which 
Scbeele  obtained  this  acid  pure,  after  attempting  inef- 
fedually  to  feparate  it  from  four  milk  by  diftiliation. 
This  operation  having  afforded  him  olily  a  very  fmall 
portion  of  acid,  he  evaporated  four  whey  to  an  eighth 
part,  after  fi!t<rring  it,  to  feparate  all  the  cafeous  ma&^ 
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ter.  The  animal:  earth  he  precipitated  fay  Uine*\ratcr« 
lie  diluted  it  with  three  times^  its  weight  of  water  ;  and 
feparatad  the  lime  by  oxalic  acid.  To  afcert2(in  whe- 
ther any  oxalic  acid  remained  in  it,  he  affiijed  it  with 
lime-water ;  and  then  evaporated  the  liquor  to  the  con^ 
fiftency  of  honey ;  and  precipitated  the  fugar  of  nuik^ 
and  fome  other  extranecttt  fubftances,  by  mixing  with 
it  alcohol,  which  eafily  difiblves  the  laftic  add«  Laftljr 
He  diftilled  this  folution ;  aod  aftef  the  alcohol  wtf 
^us  volatilized,  the  la&ic  acid  remained  pure  in  dte 
retort.  Scheele  afcribes  to  this  acid  the  IbHowing  fro- 
perties» 

Evs^rated  even  to  a  very  thick  coniiftency,  it  af- 
ferds  ne  c/yitals ;  it  attraSs  moifture  from  the  atroo- 
Q>here«  By  diililktionr  it  affords  an  empyrettiaatic  add, 
refembling  the  pyro-tanareous  acid^  a  little  oil,  and  t 
awtture  of  carbonic  add  gas»  with  carbonated  hydros 
genous  gas. 

bi  union  with  the  three  alkalis^  widi  barytes,  or  with 
lime,  the  ladic  acid  forms  deliquefcent  falts.  In  com- 
bination with  magnefia^  it  forms  cryftals;  but  thefe* 
too,  attrad  moifture  from  the  atmolphere.  Moil  of 
thefe  falts  of  milk,  or  alkaline  and  earthy  hdates,  are 
foluble  in  alcobok  The  acid  of  milk  does  aot  ad,  ia 
any  way^  on  cobalt,  bifmuth,  antimony,  mercury,  fil* 
ver,  or  gold,  even  though  aififted  by'a  boiling  heat  h 
diflblves  zinc  and  iron,  producing  from  Aem  hydroge* 
nous  gas :  the  former  of  thefe  falts,  lactate  of  ainc,  cry* 
ftallizes ;  the  other^laftate  of  iron,  forms  a  detiquefctnt 
brown  mafs. 

The  ladic  acid  oxidates  and  difiblves  lead  and  copper. 
The  ladic  folution  of  lead  depofites  a  Uttlc  falpbate  of 
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Jead  ;  from  i^iich  k  appears,  that  this  animal  acid  con- 
tains a  fmaH  portion  of  fulphuric  acid.     Laftly,  It  de- 
compofes  acetite  of  potafii :  This  laft  property,  with  the 
reft  here  mentioned  as  belonging  to  it,  fecw  the  laftic 
acid  to  be  different  in  its  nature  from  vinegar.    To  thefe 
particulars,  Scheele  adds^  that  real  vinegar  may  be  ob- 
tained from  milk,  by  mixing  fix  fpoonfuls  of  alcohol 
with  three  pints  of  milk,  and  leaving  the  mixture  to 
ferment  in  a  well-ftopped  vefTd  :  the  gas  difengaged  by 
the  fermentation  of  the  mixture,  mud  be,  from  time  to 
time,  fuffered  to  efcape :    at  the  end  of  a  months  the 
milk  is  found  changed  into  good  vinegar :   it  may  be 
then  ftrained  through  a  cloth^  and  put  up  in  bottles. 
The  celebrated  Swedifli  chcmift  adds  farther,  that  milk 
in  a  bottle,  the  neck  of  whic4i  enters  a  veffel  filled  with 
the  fame  Hquor,  undergoes,  if  expofed  in  this  condition 
to  a  heat  fomewbat  Aiperior  to  the  ordinary  heat  of 
fummer,  a  fermentation  which  occafions  the  4if<^gage« 
xnent  of  a  large  quantity  of  dadic  fluid  :  This  fluid  dis- 
places the  milk,  fo  as  nearly  to  empty  the  bottle  in  the 
fpace  of  two  days :  The  acid  produced  by  this  fermen- 
tation, which  takes  place  without  the  contaft  of  air^ 
ieems  to  owe  its  oxigene,  the  acidifying  bafe  of  air,  to 
the  decompofition  of  water. 

The  whey  of  fweet  milk,  feparated  by  rennet,  without 
fouring,  holds  in  fohition  a  certain  quantity  of  alkaline 
fobftance,  known  by  the  name  of  fait  or  fugar  of  milk* 
Although  Kempfer  afferts,  that  the  Brachmans  have  a ' 
procefs  for  preparing  this  fait,  it  appears  that  Fabriciu^^ 
Bartholet  or  Bartholdi,  an  Italian  phyfician,  firit  men- 
tioned it  to  the  world,  in  the  year  1619.  Etmuller  Tef- 
ti,  Werlofchnigg,  Wallifnieri,  Fickius,  and  Cartheufer, 
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have  fucceffively  written  concenuog  it,  and  defcribed 
procefles  for  its  preparation.  Meflfrs  Vulgamoz  and 
lichtenftein  have  given  very  particular  accounts  of  the 
art  of  extrading  this  faline  fubflance,  which  is  prepared 
in  the  great  way  in  different  places  in  Switzerland. 
They  there  evaporate  whey,  obtained  from  milk  by  (kim- 
ming  and  coagulating  it  with  rennet,  till  it  be  reduced 
tp  the  confiilency  of  honey  :  This  fubftance,  put  into 
xpoulds,  and  dried  before  the  fun,  forms  fugar  of  miik 
in  tablet^  :  thefe  are  diffolved  in  water,  clarified  vid> 
white  of  eggs,  and  evaporated  to  the  confiilency  of  a 
fyrup ;  and  then  the  liquor  is  cryftalUzed  in  the  cold : 
white  cryftals  are  formed  in  it,  in  rhomboidal  paralleli* 
pipeds ;  the  mother-water  depofites  yellow  and  brown 
cryftals,  which  are  purified  by  fuc^eilive  folutions.  M. 
Lichtenftein  has  examined  s^nd  analyfed  the  different  fu« 
gars  o^  milk  that  are  fold  in  Switzerland  at  different 
prices  ;  and  has  particularly  diftinguifhed,  i  •  Tbefweet 
fugar  of  milky  which  is  extra^ed  from  fweet  purified 
whey  :  2.  The  ^cefcent  fugar  ofmilk^  obtained  from  four 
whey :  3.  Sugar  of  milk,  rendered  ipipure  by  a  mixture  cf 
fat  particles^  which,  according  to  him,  feparates  in  the 
fjrfl  cryftallization  :  4.  Sugar  of  milk,  mixed  with  oil  and 
common  falty  which  is  lall  cryftallized  :  5.  Sugar  of  milk, 
mixed  with,  fat  particles  y  common  fait ^  and  fal  ammcmac ; 
it  is  glutinous  and  moift ;  treated  with  fixed  alkali,  it 
affords  ammoniac :  6.  Laftly,  Sugar  of  milk,  mixed  vith 
all  the  above-mentioned  fubftances,  and  tikewife  wiib  ex* 
traSlive  and  cafeous  matter  ;  this  laft  fugar  is  of  the  con- 
fiilency of  honey ;  it  is  liable  to  turn  rancid,  and  is  aaid 
and  difagreeable. 

Pure 
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Pure  fugar  of  milk  taftes,  in  a  faint  degree,  like  fugar, 
infipid,  and  fomewbat  earthy.  By  repeated  folutions, 
there  is  always  fo  much  of  it  loft.  It  diflblves  in  three 
or  four  parts  of  hot  water :  It  affords,  by  diftillation,  the 
fame  produAs  as  fugar,  according  to  MefTrs  Rouelle, 
Vulgamoz,  and  Scheele.  The  iirft  of  thefe  chemifts  ob- 
tained, by  burning,  a  pound  of  this  fait,  from  24  to  30 
grains  of  afhes ;  of  which  three  fourths  were  muriate  of 
potafli,  and  the  remaining  fourth  part  carbonate  of  pot- 
alh.  On  a  burning  coal,  fugar  of  milk  melts,  fwells,- 
gives  out  a  fmell  of  caramel,  and  bums  like  fugar.  Thefe 
properties  afforded  reafon  for  thinking,  that  this  fait 
would,  like  fugar,  afford  oxalic  acid,  if  treated  -  with 
nitric  acid.  Scheele's  experiments  have  confirmed  this 
conjedure  :  But  he  obferves,  that  a  much  more  confi- 
derable  proportion  of  fpirit  of  nitre  is  neceffary  for  this 
purpofe,  than  to  produce  oxalic  acid  from  common  fu- 
gar ;  and  that  4  ounces  of  fugar  of  milk  afford  5  drams 
of  oxalic  acid :  And  he  has  farther  difcovered,  that  the 
refidue  of  fugar  of  milk  that  has  been  treated  with  nitric- 
acid,  when  diluted  in  water,  and  filtrated,  in  order  to 
the  evaporation  and  cryftallization  of  the  oxalic  acid, 
leaves  on  the  filter  a  white  powder,  which  he  found  to 
poffefs  the  cbaracleriftics  0/  a  peculiar  acid,  different 
from  the  former.  This  we  denominate  the  faccbo-lailie 
acid.  The  following  are  its  properties,  as  ob&rved  by 
Sjcheele  :— 

This  acid  is  in  the  form  of  a  white  granulated  pow<* 
der.     Two  drachms  of  this  fait,  in  a  (late  of  coniider- 
able  purity,  on  being  expofed  to  heat  in  a  glafs-retort, 
melted,  fwelied,  and  turned  black.     There  was  fubli-/ 
P)^ed  from  this  matter,  a  brown  fait,  the  fmell  of  which 
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was  a  compound  of  the  fmell  of  benzoin  wiih  that  of 
amber,  and  which  weighed  35  grains.  This  fublimate 
was  acid,  foluble  in  alcohol,,  but  not  fo  eafily  aa  10  wa- 
ter, and  burned  on  the  coals.  In  the  recetrer,  there 
was  found  a  brown  liquor,  which  poflefled  none  of  die 
charaderifUcs  of  an  oily  fubfUnce.  In  the  retort,  there 
remained  11  grains  of  coaly  matter.  Both  carbonic 
acid  and  hydrogenous  gas  were  difengs^ed  during  die 
diftillation.  The  faccho-ladic  acid  is  fcarce  foluble  ia 
water ;  for  ap  ounce  of  boiliog  water  difiolves.  only  6x 
grains  of  it  i  and  even  of  that  quantity,  a  fo^rdi  part  ti 
precipitated  by  cooling.— -M.  de  Morveaa  (aya,  that  dm 
acid  efferyef(pe<  with  an  hot  folution  of  carbonate  of 
.potafh.  Saccho*lade  of  poutih,  cryftallized  by  cooling, 
was  di0blved  in  eight  times  its  weight  of  hot  water, 
and  cryftalli^d  an^w  ^y  the  cpoling  of  the  liquor. 
Saccho-la&e  of  foda  is  fufceptible  of  CFyftalUzadon,  and 
only  five  parts  of  water  are  requifite  to  dijOfoIve  it.  This 
acid  likewife  combines  with  ammopiac  j  but  beat  de- 
prives the  neutral  fait  thus  formed  of  its  yolatile  bafe. 
With  barytes,  aluminous  earth,  magnefi^,  and  lime,  tb( 
faccho-ladic  acid  forms  falts  which  are  almoft  infoluble. 
It  ads  with  little  energy  on  metals ;  with  their  oxides 
it  forms  neutral  falts,  which  are  fcarce  foluble.  It  pre- 
cipitates nitrates  of  mercury,  lead,  and  filver ;  as  alfo 
muriate  of  lead. 

When  Scbeele  firfl  made  this  difcoyery,  he  thought, 
that  the  white  powder  depofited  by  the  oxalic  acid,  ob- 
tained from  fugar  of  milk  by  the  nitric  acid,  was  no- 
thing but  calcareous  oxalate,  the  formation  of  which  was 
owing  to  lime  which  might  poflibly  be  contained  in  this 
animal  fait;  but  he  was  foon  undeceived,  when,  on 
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pouring  a  fitnall  portion  of  pure  ozatk  acid  into  a  folu- 
tion  of  fugar  of  milk,  be  found  tbe  mtxture  to  afford  no 
precipitate.  Yet  M*  Hennftadt,  who,  in  Crell's  Jour- 
mij  has  gtren  two  Meaooirs  on  fugar  of  milk,  in  the 
fiecond  €>{  whkh  ht  enters  into  a  particular  examination 
of  this  eartiiy  acid;  diinks,  notwitfaftanding  Scheele's 
experiments,  that  it  muft  be  a  compound  of  oxalic  acid 
and  lime  with  a  fat  matter.  But  M.  de  Morveau,  exa- 
mining, with  bis  ufual  accuracy,  the  experiments  of  this 
cfaemift,  and  comparii^  them  with  thofe  of  Scheele,  has 
Ihewn,  in  the  new  Di&imnaire  Encyclopadiquej  that  M. 
Hermftadt  has  not  accompKflied  his  objed,  and  that 
even  the  refults  of  his  experiments  rather  confirm  than 
contradift  the  difcoreries  of  )he  Swedifli  chemift.  M.  de 
Morveau  has  himfelf  made  feveral  ingenious  experiments^ 
which  concur  to  eftablifli  die  fame  fa£t.-— To  thefe  par- 
ticulars we  may  add,  that  the  o«a)ic  and  the  faccho-laftic 
acids  do  not  exift  ready-formed  in  fugar  of  milk ;  and* 
that  this  fait  contains  only  the  bafes  which  attraft  oxi- 
gene,  or  the  acidifying  prmdple  from  the  nitric  acid.  We 
may  &rther  obfenre,  that  new  experiments  may  one  day, 
perhaps,'  (hew  die  faccbo-ladic  acid  to  be  nothing  but 
a  modificarion  of  fome  other  vegetable  acid ;  for  every 
thing  tends  to  prove,  diat  the  principles  of  whey  have 
belonged  originally  to  the  vegetables  widi  which  the 
animals  that  afford  it  are  nouriibed* 

Baron  Haller  reprefents  fugar  df  milk  as  exifting  in 
the  following  proportions,  in  the  milk  of  the  following 
animals : 

Four  ounces  of  fheep's  milk  afford  from  35  to  37 
grains  of  fugar  of  milk : 
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The  fame  quantity  of  goat's  milk     -    from  47  to  49 

>  of  cow*8  milk     -  .  from  53  to  54 

.    ■  of.  woman's  milk      from  58  to  67 

: \ of  mare's  milk    -    from  69  to  70 

———————  of  afs's  milk      -      from  80  to  82 

Rouelle  has  obferved,  that  after  the  fugar  of  milk  is 
extraded  from  the  whey  of  cow's  milk,  it  cools  into  a 
fort  of  jelly ;  and  accordingly  believes  it  to  contain  ge- 
latinous matter. 

The  cheefe,  or  cafpous  part  of  milk,  is  formed  into  1 
mafs,  and  feparated  from  the  other  parts  of  the  liquid, 
by  the  ^QXqvl  of  fire,  by  the  acid  fermentation  to  which 
milk  is  liable,  and  by  the  intermixture  of  acids.  This 
matter,  whjen  well  wafhed,  is  white  and  folid,  like  the 
albumen  of  the  blood,  when  coagulated  by  heat.  A 
gentle  heat  hardens  it.  By  diftillation  on  a  water- 
bath,  it  affords  an  infipid  i^egm»  fubjed  to  putrefac* 
tion. 

Dried  cheefe  affords,  by  difUIlation  in  a  retort,  an  at 
kaline  phlegm,  a  ponderous  oil,  and  a  coniiderable  pro- 
portion of  ammoniacal  carbonate.  Its  coaly  refidue  is 
denfe,  very  diiGcult  to  incinerate,  and  incapable  of  af- 
fording fix^d  alkali.  When  treated  with  nitric  acid,  it 
is  found  to  contain  lime  and  phofphoric  ^cid. 

Cheefe  putrefies  in  a  hot  temperature  :  It  fwells,  dif- 
fufes  a  noifome  fmell,  becomes  halfrfluid,  and,  in  con- 
fequence  of  the  difengagement  of  a  ftrong.fmelling  and 
highly  mephitic  gas,  which  with  difficulty  efcapcs  from 
this  vifcid  matter,  is  covered  over  with  froth. 

Cheefe  is  not  foluble  in  cold  water ;  and  hot  water 
hardens  it.    Scheele  has  obferved,  that  when  it  has  been 
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precipitated  by  an  add,  boiling  water  becomes  capable 
of  diffolvbg  aYart  of  it. 

The  alkalis  ddlblve  it :  ammoniac  efpecially,  when  a 
few  drops  of  it  are^ured  into  milk  coagulated  by  an 
acid,  caufes  the  coagulum  in  a  fhprt  time  to  difappear. 

Concentrated  acids  alfo  diflblve  cheefe.  The  nitric 
acid  difengages  azotic  gas  from  it.  The  vegetable  acids 
dp  not  diflblve  it  in  any  ^nfible  degree.  The  folution 
of  cheefe  in  the  mineral  acids  is  precipitated  by  alkalis ; 
of  whichy  however^  too  great  a  quantity  diflfolves  the 
precipitate  again. 

Thq  neutral  falts,  efpecially  muriate  of  foda,  retard 
the  putrefaflion  of  this  fubftance.  Alcohol  coagulates 
it. 

From  thefe  particulars  it  appears,  that  cheefe  is  a  fub- 
ftance, like  the  albumen  of  the  blood. 

Butter  is  in  part  feparated  from  milk  by  reft,  and  col- 
lected on  the  furface*  But  being,  in  this  ftate,  mixed 
with  a  good  deal  of  ferum  and  cafeous  matter,  it  is  fe- 
parated from  thefe  matters  by  rapid  agitation.  This  is 
the  art  of  making  or  churning  butter. 

In  the  feparation  of  the  cream,  and  in  the  formation 
of  the  butter,  a  phenomenon  takes  place,  which  has  not 
hitherto  met  with  that  attention  from  philofophers 
which  it  deferves.  The  contact  of  air,  and  the  abforp- 
tion  of  oxigene,  are  necefiary  to  the  production  of  but- 
ter, and  to  its  being  obtained  in  a  folid  form.  It  is  not 
completely  formed  in  the  milk.  In  proportion  as  it  col- 
lets on  the  furface,  it  abforbs  oxigene  from  the  atmo- 
fphere,  and  feparates  itfelf  from  the  other  principles  of 
the  mi}k  in  confequence  of  its  folidity,  and  from  its  now 
afluming  the  nature  of  a  concrete  oil    Hence  it  cannot 
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be  difengaged  by  agitation  till  after  a  certson  period ; 
and  till  fuch  time  as  it  has  abforbed  the  req^ifite  quas- 
tity  of  oxigene,  it  does  not  conftkute  a  mafs,  nor  does 
it  take  a  confidence  by  the  (Irongeft  agitation. 

The  fer4im  which  fwhns  over  churned  butter,  ftill  re- 
tains a  portion  of  this  oily  febftance ;  St  is  yellow,  four, 
and  fat,  and  is  called  butter-milk.  What  is  called  cream^ 
is  a  mixture  of  cheefe  and  buttir,  fldramed  off  milk. 
It  is  much  more  difficult  to  digeft  than  pore  milk.  A 
confiderable  agitation  wiA  reduce  this  fubftance  into 
froth  :  in  this  ftate,  it  is  called  whipped  cream 

Pure  butter  is  fbft  and  concrete,  of  a  golden  yellow 
colour^  fometimes  higher,  ibmetimes  lighter^  and  of  an 
agreeable  fweet  tade.  By  a  gentle  heait,  it  melts ;  zxA 
by  cooling,  becomes  folid.  When  ^ftilled  on  a  water- 
bath,  it  affords  an  almoft  infipid  phlegm.  In  the  retort, 
it  affords  an  acid,  of  a  very  ftrong  pungent  fmell ;  at 
firft,  a  fluid  oil ;  and  afterwards,  a  concrete  coloured 
oil,  of  the  fame  pungent  imell  with  the  acid.  When 
thefe  prod^As  are  rectified,  the  oil  ia  rendered  as  fluid 
and  volatile  as  effential  oils.  The  refiduai  coal  is  hot 
very  fcanty.  The  acid  which  butter  affords  by  diftil- 
iation  appears  to  be  of  the  fame  nature  with  that  which 
is  extraded  from  greafe ;  of  which  wt  will  hereafter 
fpeak,  under  the  name  of  the  feh(uic  add.  It  may  aKo 
be  extracted  in  neutral  falts,  by  the  applic^ion  of  limt, 
pctafh,  or  foda. 

BuKer,  in  a  hot  temperature,  eafily  becomes  acid  anJ 
rancid.  Its  acid  is  then  difengaged  from  a  latent  ftate, 
and  is  found  to  have  a  difagreeable  tafte.  Water  aad 
alcohol,  by  diflfolving  the  acid,  reduce  the  butter  nearif 
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to  ks  former  (tate.  t^lxed  alkali  dilTolves  btttter,  and 
forms  a  real,  (o^ip  with  it. 

From  tills  detail  of  particulars,  it  appears,  that  butter 
is  an  oily  fubftance,  of  the  fame  nature  with  concrete 
vegetable  fixed  oils* 

Frefh  butter  is  fweet,  cooling,  and  relaxing ;  but  it 
eafily  becomes  four,  and  agrees  but  with  few  flomachs. 
Brown  butter,  the  acid  of  which  is  developed,  is  one  of 
the  mod  unwholfome  articles  of  food,  and  the  mofl  dif*- 
ficult  to  digefl,  that  can  be  made  ufe  of. 

Milk  is  an  aliment  both  agreeable  and  ufeful  in  a  great 
many  cafes.  It  is  even  one  of  the  mod  valuable  medi- 
cines that  can  be  prefcribed.  In  difeafi^s  affeding  the 
(kin  or  joints,  fuch  as  the  ring-worm,  the  gout,  &c.  it 
fweetens  the  acrid  humours.  It  even  heals  up  fome 
ulcers  that  are  not  of  a  very  malignant  fort.  It  may  be 
impregnated  with  the  aromatic  parts  of  plants :  it  is 
ihen  an  excellent  medicine  for  the  phthifis  pulmonaris. 
All  flomachs  are  not  fit  for  digefling  milk  :  It  is  gene-* 
rally  troublefome  to  people  who  are  Kable  to  the  hearts 
bum,  from  too  much  acidity  in  the  primary  pafTages  : 
It  fhould  be  almoft  always  adminiflered  with  great  cau- 
tion. Milk  rendered  medicinal,  by  feeding  the  animal 
which  affords  it  on  certain  fubftances  for  that  purpofe,  is 
often  ufed  wifh  fuccefe. 

The  milk  of  different  animals  poffeffes  different  virtues. 
Woman^s  milk  is  fweet,  and  highly  faccharine,  and  pro- 
duces very  happy  effeds  in  the  cafe  of  a  marafmus. 
Afs's  milk  is  fuccefsfully  ufed  for  the  phthifis  pulmonaris, 
and  the  gout ;  it  commonly  relaxes.  Mare's  milk  is 
nearly  of  the  fame  quality  with  that  of  the  afs.  Goat's 
milk  is  ferous  and  gently  aftringent.    Cow's  milk  is 
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thicker,  richer,  more  nourifliing  :  it  is  likewife  more 
difEcult  to  digeftj  and  it  is  frequently  neceflary  to  dilute 
it  with  water,  or  fome  aromatic  infufion,  efjpecially  if  it 
be  found  difficult  to  digefl,  or  if  it  occafioa  loofenefs 
or  vomiting. 

Milk  is  likewife  employed  externally  as  er^ollient  and 
relaxing.  It  relieves  pains,  it  ripens  abfcefles,  and  acce- 
lerates their  fuppuration.  It  is  applied  warm,  inclofcd 
in  a  bladder,  to  the  parts  affeded. 


THE   END   OF   VOLUME   THIRD. 


